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A TECHNIQUE USING A NONLINEAR HELICOPTER MODEL 
FOR DETERMINING TRIMS AND DERIVATIVES 

Aaron J. Ostroff, David R. Downing, 
and William J. Rood* 

Langley Research Center 

SUMMARY 

This paper describes a technique for determining the trims and quasi-static deriva- 
tives of a flight vehicle for use in a linear perturbation model; both the coupled and uncou- 
pled forms of the linear perturbation model are included. Since this technique requires a 
nonlinear vehicle model, detailed equations with constants and nonlinear functions for the 
CH-47B tandem rotor helicopter are presented. Tables of trims and derivatives are in- 
cluded for airspeeds between -40 and 160 knots and rates of descent between ±10.16 m/sec 
(±2000 ft /min). As a verification, the calculated and referenced values of comparable 
trims, derivatives, and linear model poles are shown to have acceptable agreement. 

INTRODUCTION 

Avionics research for helicopters is in progress at the Langley Research Center 
as part of the VTOL approach and landing technology (VALT) program (ref. 1). An 
NASA/Army/Boeing Vertol CH-47B helicopter will be used as a tool to evaluate advanced 
research concepts relating to navigation, guidance, control, and displays. In order to 
assist this effort, a mathematical model of the CH-47B is required. Although a nonlinear 
model is available from the TAGS program (ref. 2), the complications become immense 
when the development of a feedback controller for the vehicle is considered a prime goal. 
Furthermore, the computational time during simulation can become significant, especially 
if the model contains a large number of nonlinear functions. 

An alternate approach is to represent the vehicle by a linear perturbation model 
consisting of trims and stability and control derivatives. Since data for the complete 
CH-47 flight regime are unavailable in the literature, a method to calculate the trims and 
derivatives is needed. This report, therefore, describes a general procedure, using a 
nonlinear model, that automatically determines the trim conditions and the stability and 
control derivatives for any vehicle. The data generated in this paper are specifically for 
the CH-47B and are compared with existing data (ref. 3) where available. 

*Vought Corporation, Hampton, Virginia. 


This report is divided into three main sections. The first section describes the 
approach for calculating the trims and the stability and control derivatives. An iterative 
solution to the six steady-state equations of motion is used to balance the forces and 
moments in a body-axis reference frame. Six trim variables are calculated for various 
flight regimes; these are the pitch and roll attitudes relative to a level -heading frame and 
the four control stick positions. Quasi-static derivatives (ref. 4) are determined by cal- 
culating the changes in the forces and moments due to a small perturbation in each of the 
state and control variables. The second section describes the twin-engine, tandem -rotor 
helicopter model used to calculate the forces and moments. This model is essentially the 
large maneuver model used in reference 2, with modifications to give a better representa- 
tion of the CH-47B. The equations are divided into major modules representing specific 
areas or major functions. A brief description of each module is presented in this section 
and the actual equations are given in an appendix. Trims and derivatives obtained by the 
methods described in this paper are discussed in the third section and are compared with 
data from reference 3; this section includes plots of selected derivatives and trims for 
zero rate of climb and a velocity range of -40 to 160 knots. The data are presented gen- 
erally in both SI Units and U.S. Customary Units, Calculations were made in U.S, Custo- 
mary Units. Five appendixes include a discussion of the sign convention and major coor- 
dinate frames used (appendix A), equations for the helicopter nonlinear mathematical 
model (appendix B), constants for the CH-47B (appendix C), a linear perturbation model 
(appendix D), and a set of tables (appendix E) containing the trims and derivatives for 
velocities ranging from -40 to 160 knots and rates of descent over a range of ±10.16 m/sec 
(±2000 ft/min). 


SYMBOLS 


[A] stability derivative matrix 

[B] control derivative matrix 

[C] gradient matrix of Y with respect to 6rp, and 0 

Cj jth column vector of [C] 

C^ rotor thrust coefficient 

dFpj^ interference factor of front rotor on rear rotor (see eqs. (B38) and (B41)) 

^^RF interference factor of rear rotor on front rotor (see eqs. (B39) and (B40)) 
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vector of total force on vehicle, N, and vector of total moments on vehicle, 
N-m (see fig. Dl) 

Fx,Fy,Fz summation of thrust and aerodynamic forces along body x-axis, y-axis, 

and z-axis, respectively, N (see fig, Al) 

g acceleration due to gravity, m/sec^ 

drag force of front or rear rotor perpendicular to shaft in downwind direction, 
N (see fig. A2) 

hf,hj. distance from center of gravity of helicopter to front or rear rotor hub, mea- 

sured parallel to helicopter z-axis, m (see fig. A2) 

IxXj^YYj^ZZ helicopter moments of inertia about X-axis, Y-axis, and Z-axis, respec- 
tively, kg-m^ 

Ixz helicopter product of inertia in XZ -plane, kg-m^ 

i angle of incidence of rotor shaft, rad (see fig, A2) 

i,j dummy variables for counting 

L,M,N total rolling, pitching, and yawing moments about center of gravity of helicop- 
ter, N-m (see fig. Al) 

Zf,Zp distance from center of gravity of helicopter to projection of front or rear 

rotor hub on x-axis, m (see fig. A2) 

m helicopter mass, kg 

P,Q,R vehicle angular velocity about body x-axis, y-axis, and z-axis, respectively, 

rad/sec (see fig. Al) 

[S] 6 X 10 stability derivative matrix defined by equation (15) 

Sj jth column vector of [S] 

Tf,Tj> thrust force of front or rear rotor parallel to shaft, N (see fig, A2) 
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U,V,W velocity of vehicle along body x-axis, y-axis, and z-axis, respectively, m/sec 
(see fig. A3) 

VbjVl vector of vehicle velocities expressed in a body frame or a local level frame, 
m/sec 

Voo free -stream velocity, m/sec 


X,Y,Z orthogonal coordinate system with X-axis parallel to Earth in direction of 

forward flight, Z-axis down toward center of Earth, and Y-axis completing 
a right-hand coordinate frame (see fig. Al) 


x,y,z orthogonal body-axis coordinate system with x-axis toward front of vehicle, 

z-axis pointing downward, and y-axis completing a right-hand coordinate 
frame (see fig. Al) 


x’,y',z' rotor -hub axes, parallel to body axes but centered at rotor hub (see fig. A2) 

xs,ys>zs rotor -shaft axes, centered at rotor hub with zg-axis down along rotor shaft, 
yg-axis coincident with y’-axis, and xg-axis forward to complete a right- 
hand frame (see fig. A2) 




rotor wind axes, related to rotor-shaft axes by rotor angle of sideslip 
(see fig. A2 and eq, (A3)) 


X 


vehicle horizontal airspeed, knots (see figs. 9 to 15) 


X,Y,Z summation in equation (6) of aerodynamic, thrust, and gravitational forces 
along body x-axis, y-axis, and z-axis, respectively, N 


Xfus’^fusj^fus fuselage aerodynamic force along body x-axis, y-axis, and z-axis, 
respectively, N 

X general state vector (see appendix D) 

Xj^ nominal state vector 

Xj^ derivative of nominal state vector 
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jCp perturbation state vector 

Xp derivative of perturbation state vector 

X-p total state vector of vehicle 

Xrp derivative of total state vector 

Y output vector from HELICOP defined by equation (6) 

Yf,Yp side force of front or rear rotor perpendicular to shaft and directed 90^ from 

downwind in direction of rotor rotation, N (see fig. A2) 

Z vehicle vertical velocity, positive down toward Earth center, m/sec 

^fus fuselage angle of attack, deg (see fig. A3) 

%us fuselage angle of sideslip, deg (see fig. A3) 

/3’ sideslip angle of rotor, rad (see fig. A2) 

6 general control vector (see appendix D) 

(5j jth component of 6^ 

Aj^ perturbation vector 

Apj jth component of Ap" 

A?q^,A0,A0 correction terms to 6"rp, 0, and 0 for trim calculations (see fig. 2) 

A| perturbation vector in ^ (see fig. 4) 

longitudinal, collective, lateral, and directional controls, cm 

6n,5p,6t nominal, perturbation, and total control vectors, m (see fig. Dl) 


5 



T convergence tolerance vector for trim calculations (see fig. 2) 

0 pitch attitude of vehicle, deg (see fig, Al) 

X rotor inflow ratio 

component of inflow ratio due to free-stream velocity 
ji rotor advance ratio 

u variable step parameter (see eq. (8)) 

I* 10 X 1 parameter vector defined by equation (14) 

p air density, kg/m^ 

4> roll attitude angle of vehicle, deg 

rotor rotational speed, rad/sec 

Og vector of vehicle angular velocity expressed in a body frame, rad/sec 

Subscripts: 
f front 

r rear 

N nominal 

P perturbation 

Stability derivative notation: 

where B can be X, Y, Z, L, M, N and A can be U, V, 

W, P, Q, R, 5g, 6c, 6s, 6g 


R A — 

trim 
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CALCULATION OF TRIMS AND STABILITY DERIVATIVES 


Background 

The motion of a vehicle can be described by the general nonlinear vector differential 
equation 

X-p = f(X'i’,6'p) (1) 

where X-p is the total state vector and 6<p is the total control vector. The vehicle 
motion can also be represented as the sum of a nominal trim motion (X]^,6j^) and a pertur- 
bation (Xp,6p) about the nominal. With this approach, both the state vector and control 
input vector are given by 

Xt = Xn + Xp (2) 

6t = + 6p (3) 

The nominal trim variables Xjj and are then chosen to satisfy 

Xn = f(XN,6]^) = 0 (4) 


Expanding equation (1) about the nominal trim values and retaining only first-order terms 
in Xp and 6p gives the linear vector differential equation 

Xp = [A]Xp + [B]6p (5) 


Equation (5) is a good representation of the motion of the vehicle near the trim Xj^f, 62ST> 
i.e., for small Xp and 6p. The matrices [A] and [B] are the stability and control de- 
rivatives of the vehicle. For convenience, matrices [A] and [B] are referred to as the 
stability derivative matrix. A detailed representation of equation (5) is given in 
appendix D. 


Trims 

The calculation of static trim conditions and associated stability derivatives makes 
repeated use of a large maneuver model of the CH-47B. The nonlinear model, discussed 
in a later section, is referred to as HELICOP. As shown in figure 1, inputs to HELICOP 
include constants such as air density p, distances of rotor hubs from center of gravity 
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if, Ij., hf, hj., and mass m and variables such as vehicle velocity Vl expressed in 
a local level frame, vehicle angular velocity Sig expressed in the body frame, roll angle 
4>, pitch angle 9, and four control stick deflections Sp. 



Figure 1.- Input-output definition for HELICOP. 


The output from HELICOP is the 6x1 vector of forces and moments Y. The first 
three components of Y (i.e., X, Y, Z) are the sum of the body -axes aerodynamic and 
thrust forces Fx, Fy, F^ and gravitational forces. The second three components of 
Y are the total moments L, M, N about the vehicle center of gravity expressed in 
body axes. Positive directions for the body -axes forces and moments are shown in appen- 
dix A, figure Al. The vector Y is given by 
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I 


Fx - mg sin Q 


x‘ 

Fy + mg cos 0 sin <p 


Y 

F^ + mg cos 0 cos (p 

= 

Z 

L 


L 

M 


M 

N 


N 


( 6 ) 


where g is the acceleration due to gravity. 

The trim condition implies a special set of the vehicle velocities, stick positions, 
and attitude angles that produce static equilibrium; i.e., the sum of the forces and moments 
equals zero (y = o). The trim conditions defined herein are calculated and tabulated for 
fixed values of p, m, Zf, Zj., h{, hp, and Ob ^^nd discrete values of Vl. For each 
Vl, the program iterates on 6^, d, and (p. 

As shown in figure 2, initial guesses are made for the stick positions and atti- 
tudes and (The superscripts refer to the iteration number.) If is not 

within a predetermined convergence tolerance T, then 6^, 6, and 0 are updated by 
increments A^-p, A0, and A(p. These updates are calculated using the negative of the 
gradient of Y with respect to 6^, 0, and (p (ref. 5). The approach for calculating the 
gradient matrix [C] is described later in this section. A gradient step that would reduce 
Y^^^ to zero if the relation were linear is 


ASqi 



A0 


Since Y is a nonlinear function of 6, and (p, the step given by equation (7) may be 

too large (linearity could be violated); consequently, a parameter v is introduced so that 
the size of the gradient steps can be reduced to: 


ASip 

Ae 



A0 


( 8 ) 
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where 0 2 1 / § i. a value of 0.1 for u was found to give rapid convergence for all trim 
cases. The control sticks and attitude angles are updated by 




4^) 

0(i+l) 

= 

0(i) 






(9) 


This process is iterated until all components of Y are sufficiently close to zero. Con- 
vergence tolerances of 0.04448 N (0,01 lb) for the force components and 0.00136 N-m 
(0,001 ft -lb) for the moment components were used. When convergence is reached, the 
trim condition defined by the constants Vl, m, p, If, 1^, h^, and the final 

values of the variables 6, and (p is recorded. The trim values of 6^^, 0, and 0 

are designated and 

A flow chart illustrating the technique for calculating the gradient matrix [C] is 
shown in figure 3. Inputs include the final updated values and 

and a control-stick perturbation vector Ap“. Also required are the other basic inputs to 
HELICOP (p, m, Zf, Zp, hf, hp, Vl, and ^b)- The approach is to estimate the first 
four columns of [C], relating to the four control channels, by using a perturbation approx- 
imation to the derivative and to estimate the last two columns, relating to the attitudes 9 
and 0, by using an analytic expression for the derivative. A new set of forces and 
moments Yj are generated by separately applying a perturbation to each of the four con- 
trol channels. Each of the first four columns of [C] are then approximated by calculating 
the change in Y due to the perturbation in control stick Apj, as shown in 


dY 

ddj 


- Yi - 

1 = C 


Ap 
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(j = 1, . . 4) (10) 


As an approximation to save computer time, the gradient of Y with respect to the atti- 
tude angles 9 and (p is generated by performing the partial derivative operations on 
equation (6) and by assuming that F^, Fy, M, and N are not functions of 

9 and 4>. The last two columns of [C] are given by 
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-mg cos 0 
-mg sin G sin 0 


30 


-mg sin 0 cos <p 
0 
0 
0 


( 11 ) 


0 

mg cos 0 cos 0 



-mg cos 0 sin 0 
0 
0 
0 


(12) 


The fifth and sixth columns of [C] are then 3Y/30 and 3Y/30 evaluated at 0 = 0(^) 
and 0 = 0(^), i.e., the present estimates of the trim attitude angles. 

The gradient matrix [C] is 


C 


(i) 


Cl C2 C3 C4 


30 


IX 

30 


0 = 0 (^) 
0 = 0(^) 


(13) 


Stability Derivatives 

The stability derivatives are used to approximate the behavior of the vehicle about a 
trim condition when subjected to small perturbations in Vb, ^-nd conve- 

nience, define the 10 x 1 parameter vector | as 


I = 


Vb 

^B 

§T i 


(14) 
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The 6 X 10 stability derivative matrix [S] is defined as the gradient of Y with respect to 
1^, evaluated at trim conditions, as shown in the following equation: 


[S] = 


£Y| 


Xt=Xn 


(15) 


The stability derivatives, shown in figure 4, are calculated by changing one compo- 
nent of the parameter vector by a small amount and by leaving all other compo- 

nents at their trim values. (The subscript j refers to the element in | ,) This new set 
of inputs is then put into HELICOP, resulting in a changed output Y. In order to get a 
reasonably good fit, both a positive and a negative perturbation are used to produce Y^^^ 
and Y^^^, respectively. The jth column of [S] is then approximated as 



y(1) . y^2) 


(16) 


The size of A|j was kept small to get a good approximation; 1 percent of the typical 
range of that variable was used. The perturbations are tabulated as follows: 


AU, m/sec 0.792 

AV, m/sec 0.152 

AW, m/sec 0.152 

AP, rad/sec 0.005 

AQ, rad/sec 0.005 

AR, rad/sec 0.005 

A6g, cm 0.330 

A6q, cm 0.229 

A6g, cm 0.216 

A6j^, cm 0.190 
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HELICOPTER NONLINEAR MODEL 


The CH-47 (Chinook) is a twin-engine tandem rotor helicopter (see fig. 5 taken from 
ref. 6) designed for all-weather, medium -sized transport type operations. The three 
bladed rotors are driven in opposite directions through interconnecting shafts which enable 
both rotors to be driven by either engine. The rotor heads are fully articulated, with 
pitch, flapping, and drag hinges. 



Figure 5.- Three-view drawing of the CH-47C helicopter taken 
from reference 6 (l ft = 0.3048 m; 1 in. = 0,0254 m). 

The equations describing the helicopter are taken from reference 2, with a few mod- 
ifications to give a better representation of the CH-47B, and are shown in appendix B for 
completeness. Only steady-state equations are included since the desired purpose of this 
research is to calculate trims and quasi -static derivatives. The only two areas affected 
by this approach are control mixing and rotor inflow ratio. Since the helicopter model 
(HELICOP) has been developed in modular form for computer programing, the transient 
response dynamics can be easily added if desired. 
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A flow chart for HELICOP is shown in figure 6. Each box represents a major mod- 
ule that is described in the following sections in the order shown on the flow chart. 

Although HELICOP has been specialized for the CH-47B, only minor variations 
would be required to represent other tandem rotor helicopters. 



Figure 6.- Flow chart for HELICOP. 
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Governor 


For the purpose of this program, the rotor rotational speed is a constant. The 
model can be expanded in the future to include engine dynamics . and to investigate the sen- 
sitivity of the trims and derivatives to changes in angular velocity. 

Transformation Parameters and Aerodynamic Input 
Coordinate Transformation 

The linear velocities of each rotor referenced to their respective shaft incidence 
angles and the angular velocities referenced to the rotor wind axes are calculated (see 
appendix B, eqs. (B2) to (B9) for the front rotor and eqs. (B12) to (B19) for the rear rotor). 
The relationship of the rotor wind axes to the body axes is shown in figure A2 of appen- 
dix A. Normalizing the horizontal and vertical velocities of each rotor by the rotor tip 
speed allows calculation of the rotor advance ratio jU and the component of inflow ratio 
due to free-stream velocity X' (eqs. (BIO), (Bll), (B20), and (B21)). 

Control Mixing and Coordinate Transformation 

Equations for first and second stage mixing are combined and shown in simplified 
form (eqs. (B22), (B23), (B25), and (B26)). This simplification is possible since only 
quasi -static derivatives are desired. For each trim condition, the final stick trim posi- 
tions were checked to verify that physical limits are not exceeded. 

The CH-47B and CH-47C models have actuators at both front and rear rotors to 
automatically introduce forward longitudinal cyclic pitch as a function of airspeed. These 
trim schedules (fig. Bl) affect the trim values at higher airspeeds. Finally, the lateral 
and longitudinal cyclic pitch angles are transformed from the body axis coordinate frame 
to the rotor wind axis frame (eqs. (B24) and (B27)). 

Rotor Inflow Ratios, Thrust Coefficients, and Interference Parameters 

There are four nonlinear equations that contain terms for the rotor inflow ratios 
Xf, Xf and the thrust coefficients C^^f, The problem is to find values that sat- 

isfy all equations. The approach used is to initially guess at two of the variables and then 
iterate until all four variables converge within a predefined tolerance. Figure 7 is a flow 
chart showing the major steps in calculating the four variables. Since trims are being 
calculated for flight conditions which differ by small steps in velocity, the past values of 
Xf and Xp are used as the initial guess for the new flight condition. By means of equa- 
tions (B28) to (B3 5) and the initial guess, C-j- ^ and ^ are then calculated. A non- 
linear function simulatir^ rotor lift stall is included in the thrust coefficient calculations 
and is shown in figure B2. 
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II III 


Interference parameters dFpj^, dFj^p between the two rotors are functions of the 
inflow ratio, advance ratio, and rotor sideslip angle (eqs, (B36) to (B41)). For backward 
flight, the interference parameters are interchanged; i.e., equations (B40) and (B41) are 
used in place of equations (B38) and (B39). New values for and are then calcu- 
lated (eqs. (B41) and (B43)) by using the values obtained for the thrust coefficients, inter- 
ference parameters, and components of inflow ratio due to the free-stream velocity. 

The new values of \f and Xj. are then used to calculate new values for Cq- f 
and Crp j., as described previously. If Crp^j and agree with the previous values 

within 0.0001 percent, the iteration is assumed complete. If the convergence tolerance is 
not met, Xf and Xj. are modified by adding a fraction of the difference between the old 
and new inflow ratios to the previous values. The process is then repeated for another 
iteration. A number that works reasonably well for this fraction is 0.25. 

Rotor Forces and Moments 

Inputs to this module include rotor inflow and advance ratios, longitudinal and lateral 
cyclic pitch angles, collective pitch angles, blade twist, rotor angular velocities, and rotor 
parameters. These inputs are used to calculate thrust, coning angle, longitudinal and lat- 
eral flapping angles, horizontal and side forces, required torque, and both pitching and 
rolling hub moments. A correction factor to simulate stall at high airspeed is included by 
increasing the average rotor drag coefficient (5pjj and of appendix B). The force 

and moment calculations for the front and rear rotors are shown in equations (B44) to 
(B74). 

Assumptions used in development of these equations include: (1) constant induced 

velocity through the rotor disk, (2) small flapping angle and inflow angle of attack, (3) neg- 
ligible second and higher order harmonics for flapping, (4) negligible effect of the reverse 
flow region, and (5) infinitely rigid blades in all directions. The air density is assumed 
constant in all of these calculations. Provisions can be made to change air density as a 
function of altitude. 


Fuselage Forces and Moments 

Equations (B75) to (B90) show the approach for calculating the fuselage parasitic 
drag forces and moments. Analytical expressions relating the fuselage forces and 
moments to angle of attack ojfug sideslip angle l^fxxs taken from reference 2. 
Figure A3 of appendix A illustrates the sign convention for af^s and ^fug. A different 
approach was used to calculate the fuselage aerodynamic force along the body x-axis 
Xfus since a numerical value for the flat -plate drag area was not available. A figure 
plotting the quotient of the drag to dynamic pressure as a function of offug and ^f^g 


20 


■i~ rr n II ii i Mill iMiiiii i 


II II I II 



can be found in reference 3 and is shown in figure B3. Interpolation is then used to obtain 
the flat -plate drag area. 


Total System Forces and Moments 

Equations (B91) to (B96) show the summation of the total aerodynamic forces and 
moments acting on the helicopter. The rotor forces and moments are transformed from 
the rotor wind axes to the aircraft body axes and are then summed with the fuselage forces 
and moments. The rotor forces also contribute aerodynamic moments about the helicopter 
center of gravity. As shown in figure A2, the positive directions for the front and rear 
rotor side forces are opposite each other. 

RESULTS AND DISCUSSION 

Using the techniques and the nonlinear model (HELICOP) described earlier, a set of 
trims and stability derivatives for the entire flight envelope was generated for the CH-47B. 
These data are presented in appendix E and are sufficient to allow the CH-47B to be rep- 
resented by either the linear coupled model or the linear uncoupled model discussed in 
appendix D. 

A major factor that impacts the validity of these trims and derivatives is the com- 
pleteness of HELICOP. In order to establish confidence in HELICOP, a comparison is 
made with referenced data. The most complete set of data available in the literature is 
for level flight (Z = 0) at horizontal velocities of X = 0, 40, 80, 120, 140, and 160 knots 
(ref. 3). These data include 2 angle trims, 4 control -stick trims, and 30 stability deriva- 
tives required in the uncoupled linear model. Since both the nonlinear model and the tech- 
nique used to generate the referenced data are not documented, the cause of any difference 
between referenced and calculated data cannot always be determined. As shown in fig- 
ure 8, the linear-model analysis consists of comparing the calculated and referenced val- 
ues of trims, stability derivatives, and poles of the linear model. 

The calculated and referenced values of the stick and attitude trims are shown in 
figure 9. Additional calculated values are included to better define the shape of the trims. 
Both the shapes and magnitudes of the two sets of trim data agree very closely for all 
compared velocities. The maximum error in 0^ SO knots and is less than 0.7°; 

the maximum error in is less than 0.4° at 160 knots. The stick trims show excellent 
agreement with a slight divergence between the calculated and referenced values in high- 
speed flight. The maximum errors occur at 160 knots and are 1.09 cm (0.43 in.) for 
6 b, N> I'Ol cm (0.4 in.) for 5 q n, 0.23 cm (0.09 in.) for 6g and 0.94 cm (0.37 in.) 
for 
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Figure 8.- Model verification. 


Plots of the referenced and calculated stability derivatives are presented in fig- 
ures 10 to 15. Approximately two-thirds of the 30 stability derivatives show excellent 
agreement for all velocities. The remainder of the derivatives have some differences in 
magnitude, although the shapes generally agree quite well. An exception occurs at hover 
(X = 0). For this velocity the calculated values of several derivatives, e.g., Yy and 
Ny, were found to be larger in order of magnitude than the referenced values. This would 
imply a radical change in the behavior of the vehicle in the vicinity of hover. Such behav- 
ior is not observed in the actual vehicle; it is concluded therefore that HELICOP and 
the calculated derivatives do not adequately describe the CH-47B at X = 0. The nonlin- 
ear model representation (HELICOP) at hover is the suspected source of this anomaly. 

So as to generate reasonable values of calculated derivatives at X = 0, a third-order 
curve was fitted through the calculated values at X = -40, -20, 20, and 40 knots. This 
function was evaluated at X = 0 to generate the values shown in figures 10 to 15 and in 
the tables of appendix E. 

Approximately one -third of the stability derivatives exhibit some differences in 
magnitude between the two sets of data. A comparison of the linear -model poles for both 
referenced and calculated data (table I) shows the stability-derivative magnitude differ- 
ences to be acceptable. Zeros of the models have also been calculated but are not included 
in table I since there is no simple and meaningful criterion for evaluating the effects of the 
zeros in a multi -input multi -output system. 
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Figure 9.- Control-stick and attitude -angle trims of vehicle. 
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Figure 10.- Longitudinal -force stability and control derivatives. 
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Figure 11.- Normal -force stability and control derivatives. 
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Figure 12.- Pitching-moment stability and control derivatives. 
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Figure 12.- Concluded. 
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Figure 13.- Lateral -force stability and control derivatives. 
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Figure 13.- Concluded. 
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Figure 14.- Concluded. 
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TABLE I,- POLES OF REFERENCES AND CALCULATED LINEAR MODELS 


X, knots 


(a) Longitudinal 


Calculated poles Referenced poles 


X, knots 


(b) Lateral 


Calculated poles Referenced poles 


-0.2977 

-0.272 


-0.987 

-0.942 

-1.404 

-1.040 


0.064 ± 0.4 59j 

0.123 ± 0.469] 

0.078 ± 0.459] 

0.094 ± 0.440J 


-0.042 

-0.082 


0.388 

0.091 ± 0.286J 
-2.23 

0.427 

-0.064 ± 0.268J 
-1.90 

40 

-1.02 

0.065 ± 0.440J 
-0.035 

-1.03 

0.089 ± 0.469j 
-0.062 

0.555 

0.645 

80 

-1.11 

-1.11 

0.093 ± 0.242j 

-0.067 ± 0.209] 


0.077 ± 0.386j 

0.096 ± 0.515j 

-2.77 

-2.55 


-0.039 

-0.049 


0.666 -0.803 

0.053 ± 0.173] -0.043 ± 0.142] 

-3.14 -2.88 

120 

1 

-1.18 

0.127 ± 0.3 50j 
-0.046 

-1.13 

0.131 ± 0.600j 
-0.053 

1.056 0.911 

-0.050 

-0.002 1 -0.035 ± 0.096] 

140 

-1.24 

0.177 ± 0.365j 
-0.047 

-1.17 

0.156 ± 0.640] 
-0.063 


0.978 

1.12 

0.020 

-0.019 

0.053 

-0.052 

3.20 

-3.06 


0.260 ± 0,402i 


0.204 ± 0.623] 






The form of the referenced and calculated poles shown in table I agree at all veloci- 
ties except for two longitudinal poles at 140 knots. This exception occurs at a transition 
point in the velocity sweep where a pair of complex roots at lower velocities become real 
roots at higher velocities. 

Comparing poles near the origin (real parts less than 0.1 rad/sec) for both longitudi- 
nal and lateral cases shows that the real parts of all roots differ by less than 0.03 rad/sec, 

• • 

except for a pair of lateral roots at X = 0 and a single lateral root at X = 160 knots. 

For roots with real parts larger than 0.1 rad/sec, only a single longitudinal root at X = 0 
and a pair of lateral roots at X = 160 knots have differences in their real parts greater 
than 20 percent. The majority of the imaginary part of the roots also exhibit similar close 
agreement. 

The excellent agreement of the control-stick and attitude -angle trims, the shape and 
magnitude agreement of the majority of the stability derivatives, and the agreement of the 
pole location indicate that HELICOP and the referenced nonlinear model agree (except at 
X = 0) with regard to the stability character and fundamental modes of response of the 
CH-47B. Exceptions do exist which produce differences in some zeros that could lead to 
different time responses. 


CONCLUSIONS 

This report contains a complete set of materials needed to mathematically describe 
the CH-47B helicopter. The material includes both a nonlinear model (HELICOP) and a 
linear coupled model with its 6 trims and 60 quasi -static stability derivatives covering the 
entire flight regime. The results from comparison with reference data show that the lin- 
ear model and HELICOP are a good representation of the CH-47B, the exception being that 
HELICOP is questionable at zero airspeed. A comparison with data available in the liter- 
ature was made for the trims, stability derivatives, and poles of the uncoupled linear 
model for positive velocities and zero rate of descent. 

The two attitude -angle trims and four control-stick trims show excellent agreement 
at all velocities. The 30 stability derivatives comprising the uncoupled model show very 
good agreement regarding shapes, and the majority agree in magnitude. All but three of 
the poles of the linear model near the origin (real parts less than 0.1 rad/sec) agree 
within 0.03 rad/sec. Only three roots which have real parts greater than 0.1 rad/sec 
show differences in real parts greater than 20 percent. The majority of the imaginary 
parts also exhibit close agreement. 
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The technique used to generate the trims and stability derivatives is general and 
could be applied to other vehicles. All that is required is a nonlinear model of the vehicle, 
equivalent to HELICOP, which generates forces and moments from attitude angles and 
control-stick inputs. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, Va. 23665 
March 25, 1976 
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APPENDIX A 


SIGN CONVENTION AND COORDINATE FRAMES 

This appendix defines the sign conventions, angles, and coordinate frames used in 
this paper. Figure A1 illustrates the relationship between the local level axes (X, Y, Z) 
and the body axes (x, y, z). The local level frame has its origin at the vehicle center of 
gravity. The Z-axis is down and coincident with the Earth vertical; the X-axis is the pro- 
jection of the vehicle's longitudinal body axis along the Earth with positive direction 
defined in forward flight; and the Y-axis completes a right-hand coordinate frame. 



Figure Al.- Angular velocities, aerodynamic forces and moments, and relationships 
of local level axes and body axes with positive directions of vehicles. 

The body frame has its origin at the vehicle center of gravity. The x-axis is along 
the reference longitudinal direction of the vehicle with the positive direction pointing for- 
ward; the z-axis is in the plane of symmetry of the fuselage with the positive direction 
through the floor; and the y-axis is positive to the right side, completing a right-hand 
coordinate frame. The transformation from the local level frame to the body frame is: 
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cos 9 

0 

-sin 9 


r 

sin 9 sin <(> 

cos 4> 

cos 9 sin (j> 


W 

sin 9 cos cf> 

-sin <p 

cos 9 cos 0 

LzJ 


(Al) 


where 9 and 4> are the pitch and roll attitude angles. Positive directions for the body 
forces and moments (Fx, Fy, F^ and L, M, N) and the body angular velocities (P, 
Q, R) are shown in figure Al. 



Figure A2,- Definition of rotor-shaft axes, wind axes, and rotor forces 
for front rotor and rear rotor. 


Figure A2 defines the relationship of the body axes, rotor -shaft axes, and wind axes 
as used in the nonlinear model. (The subscripts f and r refer to the front rotor and 
the rear rotor.) Two rotor-hub axes (x*, y', z') are defined parallel to the body axes, 

one centered at the front rotor hub and the second at the rear rotor hub. The locations of 
the two rotor hubs relative to the vehicle center of gravity are given by If, Ij., hf, and 
hr. The rotor -shaft axes (xg, yg, zg) are related to the body frame by 
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(A2) 


where i is the shaft incidence angle. 

The wind axes for each rotor is related to the respective shaft axes by the rotor 
sideslip angles and I3\. as follows: 






Finally, the transformation from wind axes to rotor forces is: 



(A3b) 


(A4a) 



where the rear rotor forces constitute a left-hand coordinate frame. The positive direc- 
tions for all rotor forces are shown in figure A2. 
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The definition of fuselage angle of attack (offug) and angle of sideslip (j3fug) is shown 
in figure A3. The three linear velocities U, V, and W are defined along the x, y, 
and z body axes, respectively. 



Figure A3.- Definition of fuselage angle of attack Of^g and 
angle of sideslip 
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APPENDIX B 


EQUATIONS FOR HELICOPTER NONLINEAR MODEL 

The 10 inputs to the helicopter nonlinear model (HELICOP) are the three body-axes 
velocities U, V, and W, the three angular body rates P, Q, and R, and the four con- 
trol stick positions 6g, 6c, 63, and 6 r. The six outputs are the three forces Fx, 

Fy, and F2 and the three moments L, M, and N. Constants for the model are pre- 
sented in appendix C. A complete list of equations for each module (found mainly in 
ref. 2) are presented in this appendix. (Subscripts F and R refer to the front and rear 
rotors, respectively.) The equations in this appendix are essentially in modular form for 
use in a computer program. 

Additional symbols applicable to this appendix are defined as follows: 

Aof>Aqr front/rear rotor coning angle, rad 

Aif,Air front/rear longitudinal flapping angle, rad 

^ICFj^ICR front/rear lateral cyclic pitch ar^le in rotor -shaft axes, rad 

^ICFDRj'^ICRDR change of front/rear lateral cyclic With direction control, 

rad/m 

^ICFDS>^ICRDS change of front/rear lateral cyclic with lateral control, rad/m 

^ICFRj^lCRR front/rear lateral cyclic pitch angle in wind axes, rad 
ag slope of rotor -blade lift curve per radian 

Bif,Bir front/rear lateral flapping angle, rad 

BicFj^icr front/rear longitudinal cyclic pitch angle in rotor-shaft axes, rad or deg 

®ICFR>®ICRR front/rear longitudinal cyclic pitch angle in wind axes, rad 

bg number of blades per rotor 
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Cfe 

^Fl>* • •) 

Cl/3 

^MO! 

CNj8 

Cri,. . •, 
CyjS 

DfUSI 

DFUS2 

®S 

Lfus 

Lhf>Lhr 


equivalent flat- plate drag area of fuselage, 

,Cp 4 dummy variables in equations (B91a) to (B91d) 

rate of change of fuselage lift force with a normalized by dynamic pressure, 
m^/rad 

rate of change of fuselage rolling moment with /3 normalized by dynamic 
pressure, m^/rad 

rate of change of fuselage pitching moment with a normalized by dynamic 
pressure, m^/rad 

rate of change of fuselage yawing moment with /3 normalized by dynamic 
pressure, m^/rad 

Cr 4 dummy variables in equations (B91e) to (B91h) 

rate of change of fuselage side force with /3 normalized by dynamic pressure, 
m2/rad 

body-axes velocity component in longitudinal plane, m/sec 
body -axes velocity component in lateral plane, m/sec 
rotor flapping hinge offset, m 
dummy variable, kg-m (see eq. (B44)) 

front/rear rotor drag-force coefficient 

aerodynamic rolling moment about helicopter center of gravity due to fuselage, 
N-m 

front/rear lateral hub moment, N-m 
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Lp rolling moment about helicopter center of gravity due to rotor drag and side 

forces, N-m 

Mj) Mach number above which a nonlinear compressibility term is added 

MpuS aerodynamic pitching mornent about helicopter center of gravity due to fuse- 
lage, N-m 

MjjfjMhr front/rear longitudinal rotor hub moment, N-m 

Mp pitching moment about helicopter center of gravity due to rotor thrust, drag, 

and side forces, N-m 

^T90F>^T90R front/rear Mach number at rotor blade azimuth of 90° 

My \7 mass moment of blade about flapping hinge, N-m 

Npus aerodynamic yawing moment about helicopter center of gravity due to fuselage, 

N-m 

Np yawing moment about helicopter center of gravity due to rotor drag and side 

forces, N-m 

PFjPr front/rear components of vehicle rolling rate about rotor wind axes, rad/sec 

QaEROFjQaEROR front/rear torque required, N-m 

QcFjQcr front/rear rotor torque coefficient 

QdpreS dynamic pressure, N/m^ 

QFjQr front/rear components of vehicle pitching rate about rotor wind axes, rad /sec 

Rr rotor blade radius, m 

PFjPr front/rear components of vehicle yawing rate about rotor wind axes, rad/sec 
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RjP,Rjr front/rear rotor wake angle, rad 

T 0 dummy variable related to rotor thrust coefficients (see eqs. (B28) to (B35)) 

(Tq) break point above which a nonlinear function simulating rotor lift stall is 

Dr©3,K 

included 

ratio of thickness to blade section chord 

front/rear rotor relative wind velocity in rotor wind axes, m/sec 
Uf 1 >Uri longitudinal velocity of front/rear rotor along x-axis of body, m/sec 
^F 2 ?^R 2 longitudinal velocity of front/rear rotor in rotor-shaft axes, m/sec 
Vfi,Vri lateral velocity of front/rear rotor along y-axis of body, m/sec 
^FUS vertical body axes velocity due to fuselage, m/sec 
WfIjWri vertical velocity of front/rear rotor along z-axis of body, m/sec 
Wf 2 ?Wr 2 vertical velocity of front/rear rotor in rotor wind axes, m/sec 
YcfjYcr front/rear rotor side-force coefficient 
y rotor blade lock number 

ATcfj^Tcr thrust limit nonlinear gain from reference 2 (see fig, B2) 

6 fh>^RH front/rear drag coefficient for rotor drag force and torque 

nominal average rotor drag coefficient without correction term 

^FDBj^RDB of change of front/rear collective pitch with longitudinal stick, 

rad/m 
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®FDC>^RDC change of front/rear collective pitch with collective stick, rad/m 

®OF>®OR front/rear root collective pitch, rad 

0rji rotor blade twist, rad 

0TF>^TR root collective pitch at full 6c, rad 
cr rotor solidity ratio 

Oq nominal rotor rotational speed, rad/sec 

I Governor 

(Bl) 

n Transformation Parameters and Aerodynamic Coordinate Transformation 
Front Rotor 

Rotor velocities in body axes 

Upi = U - hfQ (B2) 
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Uf = |^(Uf 2) + (^Fl) 


(B6) 



APPENDIX B 


Rotor sideslip angle 



sin = / Up 

lo 


(Up * 0) 


(Up = 0) 


cos /3p = 



(Up * 0) 
(Up = 0) 


Angular velocities in rotor wind axes 


Pp 


cos ip cos /3p 

sin /3p 

sin ip cos /3p 


1 

/Qp 

> = 

-cos ip sin /3p 

cos /3p 

-sin ip sin /3p 

J 

\ 

q|> 

Rp 

V J 


-sin ip 

0 

cos ip 




Avance ratio 
Up 

Component of inflow ratio 

A’ - ^F2 
P S2Rg 


Rear Rotor 

Rotor velocities in body axes 
Uri = U - hrQ 

Vri = V -ZrR + hrP 


(B7) 

(B8) 

(B9) 

(BIO) 

(BID 

(B12) 

(B13) 
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Wri = W + ZrQ 


Rotor velocities in rotor -shaft axes 

iUriI 


'Wri 



1. 

cos iR 

sin iR 

\Wr2J 

r 

-sin iR 

cos iR 




Relative wind velocity in rotor wind axes 


Ur = 


(Ur2)^ + (Vri)‘ 


1/2 


Rotor sideslip angle 

[Vri 






(Ur^ 0) 

(Ur = 0) 


cos )3j^ = 


Ur2 


Ur 


Angular velocities in rotor wind axes 


"Pr 


\Qr) - 


Rr 


(Ur^ 0) 

(Ur = 0) 


-COS ij^ cos 

-sin % 

-sin 

-cos ip^ sin 

cos j3r 

-sin 

sin ij^ 

0 

- 


-cos 1 


R 


1 

n 


Q> 




Advance ratio 




_ Ur 




(B14) 


(B15) 


(B16) 


(B17) 


(B18) 


(B19) 


(B20) 
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Component of inflow ratio 


X' 


m Control Mixing and Coordinate Transformation 
Front Rotor 

0qf = ^TF + ^FDB^B + ^FDC^C 
^ICF = ^ICFDS^S + ^ICFDR^R 


(B21) 


(B22) 

(B23) 


j^ICFR| 

\bicfrJ 


cos i3p 
sin jSp 


-sin /3p 


cos /3p 



(B24) 


Rear Rotor 


^OR = ^TR + ^RDB^B + ^RDC^C (B25) 

^ICR = ^.ICRDS^S + AicrdR^R (R 26 ) 


J^icrr'] 

BicRrJ 


cos % 


sin % 


fAlCI^ 

\bicr 


(B27) 


The longitudinal cyclic trim terms (Bjcr, Bjcr) automatically introduce forward 
longitudinal cyclic pitch into both rotor systems as a function of airspeed, as shown in 
figure Bl. 

IV Thrust Coefficients 
Front Rotor 


^CF = 


^F Qqf 
2 3 



Mjp 



+ 



®ICFR 

2 


(B28) 
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(Tcf) 


break 


0.288 - 0.48|Lip 


Tcf = 


[Tcf 

break *'^CF 

where ATqp is computed from figure B2. 


aoa 

Ctf =-^ Tcf 


tiO 

(D 


o 


(Tcf = (TCF)break) 
(Tcf > (TCF)break) 



pq 


5^ 




rS 3 

HD 


cr; 

o 

M 2 


lU 



-ito -20 0 20 i*o 60 80 100 120 lUO l60 

X, knots 

Figure Bl.- Trim schedules of front and rear longitudinal cyclic pitch. 


(B29) 


(B30) 


(B31) 
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JTcr ('^CR MTcR)break) 

T ~ \ 

' li’'CR)break * (^CR > 

where AT^r is computed from figure B2. 

Ctr = ^ Tcr 


V 


Rotor Inflow Ratios 
Rip = tan”^ 


and Interference Parameters 

Mr 

\f 


Rir = tan"^ 


I^R 

^R 


For Ux = 0 
dFRR = 


0.356 + O. 32 IR 1 F - 0.368(Rif)^ + 0.392(Rif)^ (l - |sin /3^j) + 0.356 


- 0.0764(Rif)2 . 0.0085(Rif)^ |sin /3^j 


dFRF = 


0.356 - O.I 5 IR 1 R - 0.314(Rir)^ + 0.164(Rir) 


1 - sin%|) + 


0.356 


- 0.0764(Rir)2 - 0.0085(Rir)' 


sin jSy 


R 


For Ux < 0: 


dFRF = 


0.356 + O. 32 IR 1 R - 0.368(Rir)^ + 0.392(Rir)^ 


1 - sin /3J^ ] + 


0.356 


- 0.0764 (Rjr)^ - 0.0085(Rir)^ 


sin 


(B34) 

(B35) 

(B36) 

(B37) 

+ O.OI 3 IR 1 F 
(B38) 

+ 0.0131RJR 
(B39) 

+ O.OI3IR1R 
(B40) 
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dFFR = 


0.356 - O.I 5 IR 1 F - 0.314(Rif)^ + 0.164(Rif)^ 


^1 - |sin 0^1^ 


0.356 


- 0.0764(Rjf)2 - 0.0085(Rif)^ |sin %| 




C'pF 


( A - f )^ + ( Mf )^ 


1/2 


- dFRF — 


Ctr 


(^ r )^ + ( Mr )^ 


1/2 


^R " ^R 


TR 


(\ r )2 + 


,11/2 


- dFFR 


'-'TF 

(^ f )^ + ( Mf )^' 


1/2 


VI Rotor Forces and Moments 
Fr = 7rp(RB)‘* 


Front Rotor 

Drag coefficient 

For M'pgQF - Mjg = 0, 


^FH = ®o + 2.07 (Tqjp)^ 


For ^T90F ” ^ 


6fh = + 2.07^T(;;;f)^ + 0.096^MfpgQF - + O.B^Mrj^gQjp - 


where 


Md = 0.955 ~ 1.25tc 


and 


M- 


S ^ Rt 


T90F 33i_Q 


1 + 


V ^(^ f ) 




+ 0.0131Rjf 

(B41) 

(B42) 

(B43) 

(B44) 

(B45) 

^ (B46) 

(B47a) 

(B47b) 
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Horizontal -force coefficient 


HcF = Tcf^IF + 


^F^FH 

2ao 


Horizontal force 


3.q(T o 

Hf = ^ HcfFh«2 


Torque coefficient 


Qcf = ^^fII^F 


2 

^FH ^ICFrAif _3_/a \2 AjcfR^if (%f) (^Of) 

4ac 16 ■ 16 16 “ 16 ■ 4 


, ^_/®ICFR Ajf\ AqfAicfR , AqfFif's . ®H ^OF^F ®T^F 

+ 2-j 6 + —3 ( 3 4- 


®ICFrAif , AicfrBif (^f)^ (Ajf)^ (®if)' 


Torque required 


QaeROF = -|- QcfFr^^I^B 


Longitudinal hub moment 


ecbq 9 

^HF = M^n^AjF 


Lateral hub moment 


Lhf = 


(B54) 


(B55) 


(B56) 


(B57) 


(B58) 


(B59) 
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Rear Rotor 

Drag coefficient 
For MrpgoR - Mj 3 g 0, 


5rh = + 2.07(Tcr)^ 


(B60) 


For Mt 9 or - Md > 0, 


5rh = 5o + 2,07(:Tcr)^ + 0.096(Mt90R - Mq) + 0.8(Mt9or - Md)^ 


(B61) 


where Mq is defined by equation (B47a) and where 


’^TSOR = V (^R)^ 


(B62) 


Thrust 


Tr = C'TRFRf^'’ 


(B63) 


Coning angle 


AoR-fj 


4Tcr + + 


\2 

or ('^R'i ^or! 

6^5' 2 


(B64) 


Lor^itudinal flapping angle 


1 




MR 


^R , 2 


' 3 \ 

2 ■ g- ^OR + X ‘ 8 ^I^^ICRRI - 


B 


ICRR 




(B65) 


Lateral flapping angle 


Bir = | 


^R 


1 + 


(Mr)' 


AqR + Aicrr - 


16 P 


R 


yO, 


1 - 


(Mr)' 


(B66) 
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Side-force coefficient 


Ycr = TcrBir + MR 


A , Bm Ajcrr ^ \ ^ /'MrBicrr 3^ 3^ 

Aml -4 4 '^R^OR) + AqrI 2 j 9 OR - _ - — 




(B67) 


Side force 


a,Q(j 9 

Yr = -|- YcrFrS^^ 

Horizontal-force coefficient 
BcR = YcrAjr + ^ 


(B68) 


(B69) 


Horizontal force 


Hr = ^ HcrFh^^ 
Torque coefficient 


(B70) 


Qcr = Mr\Mr 


2 2 

®RH , ^I CRR^IR _ A.(Ajr)^ + '^ICRrBir (^IR) (^OR) 


4a 


16 


16 


16 


+ \ 


R' 


BiCRR Air\ AqrAicrr . AqrBirI . Sr ^OR^R ®T^R BicrrAir 


6 


4as 


8 


AicrrBir (^r)^ (Air)^ (^ 1R)^ 
8 ' 2 “ 8 8 

Torque required 


Qaeror = ^Qcr^h^^^b 


(B71) 


(B72) 

59 



APPENDIX B 


Lor^itudinal hub moment 

Mhr = 

Lateral hub moment 


LrR = 


VII Fuselage Forces and Moments 

Vertical velocity with downwash 


Wpus = W + [(Xp - Xp) + (Xr - Xjj) ORg 


Dpusi - 



+ (Wfus)^' 


1/2 


DfUS2 = 


(u2 + 


Fuselage angle of attack 


sin 


^FUS 

“tus = 

0 


(DfUSI * 


(DfUSI = 0) 


r " 

) ^FUSl 
cos O-fus = ^ 

Li 


(^FUSl * 0) 


(Dfusi = 0) 


^fus 




(^FUSl * 
(E>FUS1 = 0 ) 


(B73) 


(B74) 


(B75) 


(B76) 


(B77) 


(B78) 


(B79) 


(B80) 
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Fuselage angle of sideslip 




(’'^FUS2 * 0 ) 
(DfUS 2 = 0) 


(B81) 


U 


cos /3fus=r^US2 


(DpUS2 * 0) 
(DfUS2 = 0) 


(B82) 


tan 


^fus “ 


■%) 


Dynamic pressure 


QdPRES = -| p(u^ + + W§-us) 


(J^FUS2 * 0) 
(DfUS 2 = 0) 


(B83) 


(B84) 


Fuselage forces 


Xfus ~ 


T-CfeQdpres 

\cfeQdpres 


(US 0) 

(U<0) 


(B85) 


where the flat -plate drag of the fuselage (Cfe) is found from figure B3 as a function of the 
angles of attack and sideslip. 


Yfus = -Cy/SQdPRES sin /3fus 


Zfus = -Clq!QdPRES sin otfug 


(B86) 


(B87) 


Fuselage moments 


LfuS = -Cl/SQdPRES sin ^fus|cos ^fus| - |sln 0!fus|) 


(B88) 
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^FUS ~ ^Mof^DPRES ®fus ^fus 

NfuS = -Cn/3QdPRES sin %us cos %us(0-94 sin + 0.342 cos af^g) 



fus 


fus 


fus 


= 0 


= - 20 " 


= 20 


Sideslip angle, 

Figure B3.- Flat -plate drag area of fuselage as 

and sideslip angle. 


deg 

a function of angle of attack 


Vin Total System Forces and Moments 
Define the following: 


Cpi = sin /3^ 
Cp2 = cos 


(B89) 

(B90) 


(B91a) 

(B91b) 
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Cp 3 = sin ip 
Cp 4 = cos ip 
Cri = sin ^R 
^R2 

Cr 3 = sin iR 
Cr 4 = cos Ir 
T otal forces 


r ^ 

Fx 


r 

^fus 


-Cp2Cp4 -CpiCp4 Cp3 


r 

Hf 

/Fy 


Yfus 


-Cp2 ^F2 ® 



Fz 

V J 


^fus 

L j 


-Cp2Cp3 -CpfCp3 -Cp4^ 


Tf 

V J 


-Cr2Cr4 

CriCr4 

Cr3 


r 'N 

Hr 

-Cri 

1 

o 

0 

J 

\ 

Yr) 

-Cr2Cr3 

CriCr3 

-Cr4 


Tr 

V J 


Moments resulting from rotor forces 

Lp = hf (-CpiHf + Cp2Yf) - hr(CRiHr + CR2Yr) 


(B91c) 

(B91d) 

(B91e) 

(B91f) 

(B91g) 

(B91h) 


(B92) 


(B93) 


Mp - Hf(Cp2Cp4hf + Cp2Cp3Zf) + Hr(CR2CR4hr - Cr2Cr3Zj.) + Yf(CpiCp4hf + CplCp3^f) 
+ Yr(-CRiCR4hj, + CriCr3Zj.) + Tf (-Cp3hf + Cp4Zf) + Ti.(-CR3hr - Cr4Zj.) (B94) 

Np = if (-CpjHf + Cp2Yf) + ir(^RlHr + CR2Y;r) (B95) 
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Total moments 




C -\ 

LfUS 


Lp 


<M> = <MfuS> \Mp> + 




NpUS 


Np 


nr 


Cf2CF4 

-CfiCf4 

-Cf3 


Lhf 

Cfi 

Cf2 

0 

<; 

Mrf > 

Cf2Cf3 

-CfiCf3 

Cf4 


Qaerof 




-1 r 


-Cr2Cr4 

-CriCr4 

Cr3 


Lrr 

-Cri 


0 


^^HR > 

-Cr2Cr3 

-CriCrs 

-Cr4 


Qaeror 




(B96) 
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CONSTANTS FOR CH-47B 

Constants used in this report are for the center of gravity of the vehicle located at 
fuselage station line 338 (0.1778 m) aft and at water line 18.7 (1.309 m). Numerical values 
of these constants are as follows: 

AjcFDR = 125 deg/m (3.18 deg/in.) 

AicRDR = 125 deg/m (3.18 deg/in.) 

^ICFDS “ ’^^•2 deg/m (1.91 deg/in.) 

^ICRDS = -'15.2 deg/m (-1.91 deg/in.) 
ag = 5.75 
bs = 3 

Clq, = 32.5 m2/rad (350 ft2/rad) 

Cl /3 = 6.57 m^/rad (232 ft^/rad) 

Cmq, = 142 m^/rad (5000 ft^/rad) 

CnjS = 51.5 m^/rad (1820 ft^/rad) 

Cy^ = 43.4 m2/rad (467 ft2/rad) 
eg = 0.203 m (0.667 ft) 
hf = 2.093 m (6.867 ft) 
hr = 3.527 m (11.57 ft) 
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IXX= 50 386.3 kg -m2 (37 163 slug-ft2) 
Iyy = 273 536 kg-m2 (201 750 slug-ft2) 
IZZ = 257 685 kg -m2 (190 059 slug-ft2) 
IXZ = 19 838.3 kg-m2 (14 632 slug-ft2) 
if = 9.00 
ir = 4.00 

li = 6.425 m (21.08 ft) 

ly- = 5.450 m (17.88 ft) 

= 510.2 kg-m (114.7 slug -ft) 

m = 14 968.6 kg (1 025.67 slug) 

Rg = 9.144 m (30 ft) 

y = 8.26 
Oo = 0.0094 

^FDB = 24.2 deg/m (0.615 deg/in.) 

^RDB = -24.2 deg/m (-0.615 deg/in.) 
9 fdC = '15.4 deg/m (1.864 deg/in.) 


9rE)C = 73,4 deg/m (1.864 deg/in.) 
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0rjt = -9.14^ 


^TF " 7,85^ 


^TR ' 7.85® 


p = 1.227 kg/m3 (0.00238 slug/ft^) 


a = 0.067 


= 24 rad/sec 
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LINEAR PERTURBATION MC»EL 


This appendix presents the development of the linear perturbation model in both the 
coupled and uncoupled forms. For completeness, details are included which show the re- 
lationship of the nonlinear model and the perturbation linear model, the method of handling 
a general trim condition (nonstatic trim conditions), and the assumption required to arrive 
at the coupled and uncoupled models used in this report. 

A nonlinear model of a vehicle can be considered as a transformation of the vehicle 
state Xt and control S-p into forces F-p and moments M>p applied to the vehicle 
(fig. Dl(a)); that is, 


Ft = fl(XT,6T) 



= f2C 


Xt j ^ T/ 


(Dl) 


An equivalent representation of the vehicle motions, which is more convenient for 
control system design, is to have as outputs the rate of change of the state variables (see 
fig. Dl(b)). The general nonlinear representation is 


Xt = f(XT,6T) 


(D2) 


The transformation between equations (Dl) and (D2) is given in reference 7. It is possible 
to represent equation (D2) by a series expanded about a nominal condition (Xj<f, 6j^) as 


Xt = Xj^ + ^ 
9X^7 


Xt - Xn) + 4 


Xrp=Xj^ 

6't=% 


06 r 


(6t - + Higher order terms 


(D3) 


Xrp=X|g^ 


If the perturbations (fig. Dl(c)) 
Xp = X'p - Xj^ 


(D4) 


and 


6p = 6 t - 


(D5) 
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(a) Force and moment output of nonlinear model. 



(b) Angular and linear acceleration output of nonlinear model. 



(c) Angular and linear acceleration output of linear model. 


Figure Dl.- Nonlinear and linear representation of vehicle dynamics, 
are sufficiently small, equation (D3) can be represented by 

X-r = Xn + [A]Xp + [B]6p (D6) 

where 

[A] = -i- (D7) 

9Xrn _► _► 

Xrp=Xjq^ 

6rp=6j^ 

[B] = -i- (D8) 

^ Xt=Xn 

6-j.=6j^ 
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In this report the state vector is defined by 


Vb 



e 


(D9) 


where Vg = (U, V, W)T is the vehicle linear velocity expressed in body coordinates, 

= (P> Qj is the vehicle body rate expressed in body coordinates, and 9 and 4 > 

are the vehicle pitch and roll angles. The control vector 6 is given by 


5 


B 


6 = 


5C 


6 


R 


(DIO) 


where 6g is differential collective stick, 6^;;; is collective stick, 6g is cyclic stick, 
and is differential cyclic stick. 

The nominal values Xj«j, 6]^ and the coefficient matrices [A], [B] are functions of 
the flight condition. This report considers nonaccelerating and nonrotating flight paths, 

i.e., = 0, for which the nominal state is given by 


ruNi 

Vn 

Wn 

0 

0 

0 

0N 

<^N 


(Dll) 


For this condition, equation (D6) is given by 
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m 
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m 

m 
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-g cos 0N 

0 

Up 

&-%) 

-g sin 0jyj sin <f>]^ 

g cos cos 0N 

Vp 

Zr 

m 

-g cos 0N 

0 

Wp 
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Zxx Izz/ 

0 

0 

Pp 


Qp 
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My 
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0 
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Rp 
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0 
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0p 

0 

0 

0 

0 
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0 
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+ 


where 


^IiL 5 


B 


^XX 


Me 


B 


IYY 


Iyy 


M6 c 


Iyy 


XeB 

xec 

xes 

XeB 

m 

m 

m 

m 





m 

m 

m 

m 

% 



Zfi 

°R 
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m 

m 

m 



Me 


R 
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^B,P 


T,P 


^S,P 
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(D12) 


ixx^zz 


Ixx^zz - Ixz 


h = 


Ixx^xz 


^XX^ZZ - Ixz 


13 = 


Izz^xz 


^XX^ZZ - Ixz 


<I 

CO 
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Equation (D12) represents the coupled motion of the longitudinal variables (U, W, 
Q, 0) and the lateral variables (R, P, V, (p). Coupling refers to the fact that pertur- 
bations in longitudinal variables affect the rate of change of lateral variables and vice 
versa. For many vehicles this coupling is not strong enough to influence the motion of 
the vehicle. For these cases the cross derivatives and (p-^ are assumed equal to zero, 
and the set of eight coupled equations can be written as two sets of four equations each. 
The longitudinal equations are 


Up 


Wp 

It 

Qp 
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'B.P 
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and the lateral equations are 
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0 

0 


^IiLr ^ I3Nr\ 

v^xx ^zz/ 

tan 


'I2Lr ^ IlNR^ 


^XX 

(Y^ 


R 

m 


Izz 

Un, 


^IlLy 

v^xx izz 

0 
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TRIM AND DERIVATIVE DATA 

A complete set of trims and derivatives are shown in tables El and E2 for sea-level 
conditions and for the flight envelope -40 g X g 160 knots and -10.16 ^ Z £ 10.16 m/sec 
(±2000 ft/min). The trims and derivatives are given in the International System of Units 
(SI) in table El and in the U.S. Customary Units in table E2. These data are based upon 
a center of gravity of 0.1778 m (7 in.) aft of the vehicle reference point. All of the force 
derivatives are normalized by m, the rolling moments by Ixx> pitching moments by 
Iyy> the yawing moments by l^z- Values for m, I^x* Iyy> ^ZZ are given 
in appendix C. 
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TABLE El. - STABILITY DERIVATIVES AND TRIMS IN SI UNITS 

(a) Z = -10.16 m/sec 
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.IS. 1. 

. 1 c s 0 7 

,14417^ 

, 1 3 1 6 s 

, 1 196 1 

,09677! 

, oqT'iO 

, 1 41 399 

.15129 

,17750 

,24050 

LR/IXX 

1 /SFr 

-.''USM 

’ u 0 ? 

-,4,^Of,7 

- , ' 5 41 ti 7 

-,03a64i 1 

-. 03759 ; 

-.03617 

-.0369? 

-,03957 

-.02936 

-.02151 

MIJ/IVV 

1 r-' 


■^'1? 

. 41 4- -1 s tl 

. 0 3 1 3 

..00197 ; 

-. 041765' 

-.10962 

- , 009SS 

-.00775 

-,00531 

-.00781 

MV/IYV 

\ /^F r«- 

,''*72? 

, 4' ' « rt, 

- , 0 I 

- , 4* '• B « ? 

- , 41 41 S 7 9 

- . *» 0 2 6 41 

, 4141(196 

,00325 

, 4) 1568 

,00?73 

,00992 

M-4/1 YY 

1 /SF C-- 

- , '>?x 'p 

-.■'■S77 

, '4-SSS 

. I* 1 9S7 , 

, O^ijqq 

,09399 

, 0 /J 7 6 Q 

, 05 159 I 

,009416 

,04837 

,03509 

MOP/ T Y V 

1 /qtr?-r^ 1 

, 1 ‘ 

, 1 ■! 1 7S 

,1 3 9 9 y 

. 1 'J 1 ? B 

, 1 'J 6 6 6 

,159.3 3 

, 1 6326 

,17162; 

,16969 

. 1 9786 

.12297 

YOC/T YY 

1 /SF f ,>-r- ; 

- , P ) 1 4 4, 

f, • ' g i 

, r. 1 . H 7 h 

."1 76J ! 

. 41 31 96 

, 09SS6 , 

, 4>6 77 3 

, 41856 1 , 

,06222 

,08??6 

,03008 

MOS/I YV 

1/SFfV-C" 1 

f\ . • 1 

« ^ r /, 4> 

- , 0 4 . 0 1 

- , 4 '■ 4- (1 1 

- , 41 0 0 41 2 

. ^ 41 0 Ai n p 1 

- , 0 n n [i 3 

• _ 4) /) 1 P tJ 1 

10009 

-, 004)09 

-.00003 

MOR/T y V 

i/SFC^'-r*- ( 

» , ^ f' ’ -><» 

- , '-'O') 

o.'O-jg 

OdS 

- , 41 1 04i2 

- , 41 0 41 9 2 ' 

. , 41 fi n iiH 

- , 41410 ^ 7 ' 

-,1(1061 

-,00189 

-.00085 

MP/IVV 

1 /SFr 

, f 2 

*is'i 

-,''<‘?S? 1 

SHI 3 . 

-.03130 

-.01 7S2| 

- , 0 1 s 1 6 

, 0 0 6 0 0 j 

,01519 

,02173 

,02788 

MQ/I YY 

1/FFC 

,S? 

- t , 7 ' B 

-) , 3S?t,b 1 

-1.39 39 7 

-1 .520«0 

-1,63106; 

-1 ,70365 

.1 ,755671 

-1 ,65610 

-1 .46328 

-1,21556 

Mp/IYY 

' /SF*" 

' 7 

- , 7,7 1 

- . uSb 

-,1^906 

-.01 3b? 

- . 4, 1 6 h ? , 

-, 41 1 iBb 

-.10618) 

-.00152 

.00333 

,00451 

N'J/IZZ 

t/SFf-- 

^ ^<?7 

, 1 7 4' 

.4-. ?iu 

, 0 '? J ? ■ 

, 0 0 1 fl 6 j 

, 0411 0 1 1 

,4104183 

,00072 

,00006 

.00016 

-.00083 

NV/IZZ 

i/stc- 


- . 4' 1 1 s /. 

-.4i: 36 1 

,on/i7; J 

, 00 1 U 1 , 

, n 1 n 3 9 ' 

• , 10026 

-,00068 

-.00121 

«, 001 54 

-.00113 

SW/I7Z 

1 /SFC--' 

, •■' H J '> 

.4' 1 1 7 1 

.4>r 11 s 

, CO 1 ?6 1 

. 041 1 22 . 

, 00067 , 

- , n OnOft 

-,00103 

-,00377 

-.00823 

-.01524 

MOB/TZZ 

1 /SFC?-f'' 

» ''2 

.4-2SSS j 

, 026''U 

.0.2S9 5 

,02553 ; 

,''2269 j 

, '’2270 

, 023941 

,02988 

,02766 1 

.03215 

NDC/IZZ 

t /SFCP-C- 


''41^ 

. 41 0 4' 7 S 

,''72'i<1 ; 

.00356 ' 

, n 09 B 6 1 

.00560 

,00627 

,00399 

-,00199 1 

-.01258 

M0S/IZ7 

t /SF r 2 -r '* 

?/»' 

,4J -S?'. 

,4, .379 

, 41 41 'J ? y 

, 0 0 9 'J 0 1 

.00993, 

,10996 

,14)976 

,oo5«9 

,00703 ; 

^00847 

Mnp/T 77 

t /SFC?.-C • 

''PS? 

, 4'd ? 

. 414^ 1 oa 

, fiH \ U y 

.OH093 1 

,06126 

,06?2b 

,06387 

,085b? 

,08813 

,09388 

-JP/IZZ 

1/SFF 

^ r i ; 'j ^ 

. 4' 5> s '4 R 

, n 1 7 <i u 

41 1 4iy 9 

-.02269 1 

-,4'31 57 

-.19139 

-,05501 

-,07687 

-.10728 

-,'14998 

N0/I7Z 

1 /SFC 

- , ? 1 'J 1 5 

-,25?B' 

-,?37 16 

-,?32B6 

-.21666 J 

-.20695 

-.19617 

- , 1 9 9 6 '1 

-, 1 7709 

-.16343 

-.15835 

KJR/IZZ 

1 /stc 

. ^ Ou \?P 

- , 0 <1 'j l ^ 

-.''dSSl 

- , 0 y S 6 -1 

-,C'W3b t 

- , 4)ofl96 

-.05025 

-,n533R 

-.05969 

-, 06983 

-.08899 

OP 

C“ 


- , 'J 1 .3 S P 

- . 6 ? 'i 7 6 

-,HSS73 

-.90896 j 

-.96996 

.239 76 

1 , 02R29 

1 ,69196 

2.32938 

3,41746 

oc 

C“ 

1 4| , 1 V / 0 

) <4 , / y 1 7 s 

ly .‘-'iftSS 

\iJ .631 67 

13.67S30 

1 3.552?9 

13.73655 

1 9 ,924167 

15,52700 

17,46114 

20,83610 

OS 

C" 

, 7 7 ' S 

,"??i 7 

,«34isi 

, s 1 <J 3 0 

,76567 

.72156 

,66379 

,65'i2R 

,67236 

,7689? 

,97146 

DR 

f- 

,S 1 7 70 

iSfi 

,16676 

-.0 3330 

-.22180 

-,a7h«7 

-.79275 

-1 , 1 6655 

-1 ,61519 

-2.18413 

-3,07758 

THF^J 


y fj 1 y 5 4 ' 

7 . 0 d 7 a 

s , S 1 9u R 

S, i.'296 

9,02616 

2,697 70 

, 9 1 B74' 

-.67556 

-1 , 33030 

-2,40688 

-6,17521 

PHiN 

'IF 

- S 5 S '7 s 

♦ ^ S 'J 0 y 0 


-,671Hp 

- , 6 9 H 1 6 

-.62369 

-.61 9C5 

-.53071 

-,56999 

-,62?62 

-,70425 


* >^v riTTMr, a t-i-*' 's'lrw r 0-4^ T.,c}'' i^h m'\'^ , * i ,0 A " n +40 vai"f-S, 
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APPENDIX E 


TABLE El.- Continued 
(b) Z = -7.62 m/sec 


Param- 

eter 






Value of parameter at 

X, knots, of 





Unit 

-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 


i/src 

-.0S033 

-.09557 

-.02686 

-.01355 

- . 0 1 B 1 B 

-,o2u97 

•.02920 

-.05329 

, -,05977 

-.09412 

-,05281 

XV/M 

l/SEC 

-,CMlb 

-.00711 

-,Q'>23B 

,00390 

. OOObO 

-.ftOfUS 

•,00069 

-.00126 

-.002)6 

.,00179 

.,00591 

XH/M 

1/SFC 


,05195 

.09215 

.03923 

*05009 

.05590 

,02590 

,01150 

,01919 

,00531 

-.01981 

XDB/M 

«/SfC2-CH 

,01R3« 

.01672 

.01510 

,01990 

.01955 

.01599 

.01705 

,01919 

,01610 

,01039 

,00775 

XOC/M 

H/SFCZ-CH 

.I'*l72 

.15236 

,11679 

,06636 

,66290 

.03950 

,011 06 

-.02022 

-,02101 

-.09592 

-.11529 

X09/M 

H/SFCZ-CH 

-,onn j 1 

onon5 

-.00006 

-.00009 

-.00003 

^.00002 

-,00002 

-.00001 

-,00001 

-.00001 

,00005 

XDR/** 

H/SfC2-C“ 


-.00005 

-.O0009 

-.00005 

-.00003 

• .O0PO3 

•,09003 

-.00009 

-.00009 

-.00003 

-,00005 

XP/M 

H/5EC 

.02092 

,01995 

.00559 

-.00625 

-.OOIUR 

,00010 

,00095 

,00190 

,00291 

.00271 

.00918 

xg/M 

«/9FC 

.73<»77 

.7H995 

.79335 

. 7761 9 

,76912 

,75377 

.75361 

,77163 

,02207 

,92910 

1,09199 

XR/M 

"•/SEC 

-.OhHl 5 

-.06960 

-.039 1 2 

-.00550 

-.00756 

• .01297 

•.0177? 

•,02220 

.,02595 

-.0299? 

-.09769 

ru/« 

1/SFC 

-.00169 

-.00265 

-.00087 

,nn mo 

,00052 

.00029 

,00090 

,00079 

,00101 

,00007 

,00084 

XV/rt 

1/SFC 

-.10673 

-.1 7?i? 

-.1695? 

-.13168 

-.00753 

-.00099 

-.10003 

11793 

-.15536 

-.15579 

-.18139 

rw/M 

l/SEC 

,00360 

,0O57q 

,00905 

. 0 0990 

, 00976 

.00967 

,00957 

,00969 

,00509 

,00171 

,00331 

YDB/M 

H/SFC2-CH 

», 0 noRo 

,00O2ft 

.00170 

. 00 5 1 9 

.00929 

.00907 

,00290 

.00119 

-,00165 

-.00760 

-, 01975 

YOC/** 

'*/SFf?-CH 

, 0 0 o 1 'i 

. ?09?fa 

, 0 '1 9 9 6 

. 00956 

,00930 

.00918 

,00916 

,00963 

,0 1 009 

,00999 

,00960 

YD3/M 

H/StCZ-CH 

. ) 019U 

. 1 91 76 

.10102 

.13991 

. 1 3063 

. 1 3099 

, 19029 

, 1 9200 

. 1 9969 

.19815 

,00557 

,15697 

yor/»* 

«/8FC?-CH 

-,0 10R9 

0 TPRO 

-,ftft608 

-.00386 

-.00525 

-.P0363 

-.009P6 

-.00550 

.00075 

,01691 

YP/M 

-/SFC 

-.3 7*,S6 

- , 3 1 7 /J 9 

-,?961 9 

-.51208 

-.36550 

-.90930 

-.91991 

-.91285 

-,30297 

-.33250 

-,27528 

YQ/H 

*'/SFC 

-.01093 

-.0"67? 

-, 0O?ftB 

,00185 

,00599 

.01955 

.09312 

,06976 

,10009 

.16526 

.23988 

YR/H 

-/9FC 

-.03962 

-,03503 

-.03178 

-.032 59 

-.03919 

-.09362 

-.09527 

-.09525 

•,09510 

• .09599 

-.09369 


1/SFC 

,\M 21 

,15090 

. 03969 

-.07980 

- , 0696* 

-.09075 

-,o?79 1 

-.02259 

-.00052 

.03022 

,03066 

2V/M 

1 /SPC 

-.00716 

-,0.)1 9 » 

, 00089 

. 0 0 059 

-.00199 

00031 

.00100 

.00172 

,00175 

,00290 

.00256 

Z*t/»4 

J/SFC 

-.66766 

-.9011? 

-,38687 

-.93158 

-,5201*3 

-.60000 

• ,66909 

-.72579 

-.72919 

-.65092 

61676 

20B/M 

H/SEC2-CH 

-,o?Sl 1 

-,61007 

,00517 

.01629 

,03099 

.0901 2 

, 09200 

.09221 

.02933 

,02595 

,02690 

2oe/»' 

“/SFC2-CH— 

-1 ,06661 

-1 ,0] 756 

• 1 .00959 

- 1 , O?909 

-1,09026 

-1 , 10090 

•1,27069 

•1,37613 

•1,90019 

-1.23035 

-1,18302 

2D9/M 

h/SFCZ-Ch 


,00057 

,00050 

,00099 

,00090 

,00091 

,00096 

,(10059 

,00060 

.00076 

,00118 

20R/- 

>-/Sf cz-c*- 

^ 6or> <^Q 

, ft n ft 3 

-.00001 

-.00003 

-.00009 

•,00005 

-, ftftftl P 

•,00000 

-, 00002 

-.00010 

00019 

2P/M 

'^/SFC 

- , o 7 6 S 0 

- ,0521 6 

-.01030 

.01553 

-.00799 

-.00702 

,00237 

.01259 

.01002 

,02929 1 .03256 

ZO/M 

•'/SFC 

,39)60 

.15355 

. 1 5359 

,16028 

-.05016 

-,1257ft 

-.07760 

.00925 

,22971 

,05161 

,13705 

ZR/H 

-/SEC 

.27963 

,26051 

,00861 

-,?6918 

-.26616 

•,25066 

-.20390 

19705 

-.20261 

19576 

-.22072 

LU/IXX 

l/SFC-'* 

-.0017? 

-,0O?Cft 

ftO J 6) 

-.00099 

-.00057 

•,00031 

,00003 

.00099 

,00026 

,00059 

,00119 

LV/tXX 

1/SFC-- 

-.02260 

-,025ftl 

-.0229? 

-.02232 

-.02176 

•.02193 

-.02276 

-.02919 

-.02621 

-.02969 

-.03562 

Lw/IKX 

1 /Sf C-H 

,00165 

,0015? 

.00155 

.00183 

,00261 

, 00526 

,00560 

,00*02 

.00529 

,00555 

,00691 

LOfl/ixx 

1/8FC2-C^ 

-.01S<-3 

-, 0 1 929 , 

-.012*9 1 

-,00995 

-.00697 

• ,00559 

-.ft0599 

- , 00656 

• , 00695i 

-.01592 

-.02909 

lOC/lxx 

l/SFCZ-C- 

- , 0 0 0 r 2 

-.ftosy? 

- , 00636 

-. 00687 

-.00695 

-.00695 

-.00698 

-.0070? 

-.00576; 

-.00993 

00979 

LOS/Ixx 

l/SfcC?-CM 

,l 66 SO 

,16612 ' 

,16516 i 

.16595 

.16281 

1 ,16312 

.16925 

,16605 

,16736 

,16969 

,17638 

U'>R/IXY 

1 /SFCP-CH 

-,05939 

-.0S75R 

-.0551)6 

-.0528? 

-.05187 

, -.05229 

-.05511 

-.05593 

-.05066 

-.09802 

-.09690 

LP/IXX 

1/SFC 

-.60632 

1 -,S93?R 

-.5659? 

-.56888 

-.60679 

-.63565 

1 -, 69015 

-.62600 

-.5853'' 

-.52507 

-.95372 

LQ/lxx 

t/SfC 

.10216 

. 13fl?6 

. 1 2938 

.11315 

, ,08715 

,ft79?ri 

1 .07201 

,07753 

,09739 

.19800 , .20010 

IR/IXX 

1/StC 

m,da?h) 

-,03797 

-.03559 

» , 0 36^< 6 

-.09150 

.,rt*9^7, •, 09555 

-.0991 0 

- ,091 m 

• .05595 

-.02700 

YU/IYV j 

l/stc." 

, Oi) 26 H 

,00667 

,ft 0 8 5 7 

, 00625 

-,00120 

-.000311 -.01019 

- , ft ft9qq 

-. 00601 

-,00550 

-.00519 

HV/IYV 

1 /SEC-** 

, 0 f. 6 *5 6 

, (I -'7('R 

-. 00021 

- , 0 0692 

-.00968 

-.00189 

,00065 

.ft 0299 

,00590 

.00669 

,00976 

•^^/lYY ' 

WSFC--* 

-,0?7 1 1 

-,nC99/i 

.00571 

, 02 ms 

1 , ft 38RS 

,09637 

, 09955 

,05227; .05706 

.09505 

, 0997 a 

HOB/I VY 

1 /SFC2-C- 

. 1 oSOR 

. 1 59/,q 

, 1 3769 

.139)8 

,m*25 

. 15582 

,16532 

.17215 

,17171 

. 19651 

,13696 

*<DC/IYY 

1 /SFC 2 -CH 

-.01261 

. 00 J 

.0085 1 

j ,01661 

1 . ft SI 

,09089 

,05965 

, 06690 

*06990 

,05518 

,09323 

MOS/TVY 

\/SFf2-C« 

. 0 r 0 1 

- , f) ft ^ ft n 

. ^ ft ft ft ft ft 

- , 0 0 n ft 1 

. ^ ft ft ft ft 1 

■ , ft ft ft ft 1 

- ftftftft? 

- , ft ft 0 ft 3 

- , ooonu 

• .00003 

-.00005 

HOR/IYY 

l/SFCP-CH 

-,0-10*7 

I - , ft '• 0 ft 

-.000 55 

-.ftOOiO 

-|ftO026 

-,ft 0 ft 26 ( -.00030 

- , 00058 

- , ftOftu? 

-.00095 

-,0007ft 

HP/I YV 

t/SFT 

,03603 

.09190 

-, 00 ?U') 

1 -.09582 

1 -.03770 

-.02255 

-.00915 

,00209 

.01100 

.01720 

.02990 

HO/IYV 

1/SFC ! 

-1.5Z562 

-1 ,5b5i 2 

.1,5 1 090 

-1 , 36209 

1 -1,51781 

- 1 ,636 1 5 

-1 , 70705 

- 1 ,75597 

-1 ,7901 7 

-1 ,95782 

-1,32729 

HR/IVY 

l/SEC 

-.01 319 

• , r, 0 2 7 ft 

-. 00330 

-.01 025 

-.01000 

02 ftib 

-.01519 

-, 00065 

-,00153 

.00121 

,00799 

NU/I2Z 

l/SFC-** 

.00076 

.0O15R 

,00202 

,00199 

,00127 

, 0 0000 

,00077 

,00060 

, 00052 

.00016 

-.00099 

NV/IZZ 

1 /SEC-H 

-.00590 1 

P 1 C50 1 

-.00507 

,0097 3 

1 , 00127 

, 000 19 

•,on 096 

00099 

-.00152 

-.00195 

-.00179 

NW/IZZ 

1/SEC-m ! 

,00137 ! 

.0O09R 1 

, no 1 C5 

,00121 

,00109 

, 00P51 

-.ftoni? 

•,00086 

-.00201 

-.00709 

-.01230 

NOB/IZZ 

1/SEC2-CH 1 

.02153 I 

, 02331 

.02385 

,0231 9 

,02117 

, 0 1989 

,01 9J9 

,01900 

,021?7 

,02550 

,02831 

*<OC/IZ2 

1/5EC2-CH i 

-.ooiao 

-,00{i57 ' 

, nCObZ 

,00189 

,00355 

,00950 

, n0599 

.00612 

,00909 

-.00095 

.,00035 

NOS/IZZ 

i/SFr?-c- 

.00277 

,00319 ^ 

.00373 

. 0091 6 

, 09925 

,00919 

, 0091 5 

, 00931 

,00525 

,00650 

,00759 

NOR/IZZ 

1/SEC2-C- 1 

.0S175 

,0617ft 

,06135 

,08079 

,08007 

,08029 

,00097 

,00227 

. O056S 

, 00579 ^ 

,09090 

YP/I2Z 

1/SFC 1 

.03068 1 

,02159 1 

,00599 

-.oioaa 1 

-.021197 ' 

-.02709 

•,05505 

•.09309 

-.06907 

-,00980 

-.12650 

HQ/12Z 

l/SEC i 

-.19055 

-,20fl3S 1 

-.21939 

-.20059 

-.19110 

•, 1 7900 

16913 

-.15950 

-.1 9690 

-.13211 

-.13531 

*JR/IZZ 

1 /SEC 

»,Oo??fl 

-,063?R 

- , 0995? 

-.0951 1 

— , 0 9 5 56 

- , 09501 

-.0*696 

-.09959 

-.05992 

..06299 

-,07075 

OB 

C« 1 

-.12671 1 

-.23096 i 

- ,65 1 25 1 

- 1 ,10181 1 

-1,29905 

-.02591 

-.05616 

,76096 

1 ,90600 

1 ,90255 

2,95622 

OC 

Ch 

12.90367 

15,71 759 ! 

13.9201 1 , 

15.55557 

12,62009 

12,1 9190 

12.29597 

12,91102 

13,95191 

15,70985 

10,93929 

09 

Cm 

,6«Po7 

,7'i073 , 

,75900 

,79195 

,68957 

,69298 

.60313 

,57233 

,50709 

.67066 

,631 06 

OR 

C- 1 

,05733 1 

,32625 j 

,16113 1 

,03519 1 

-.09050 

-.51780 

-.60909 

• ,99095 

-1 ,55792 

-1,82715 

-2,60270 

THEN 

DEG, 

9,26035 

7.92950 

6,61529 

5 , 39960 

9,19912 

2.70578 

1 , 1 7638 

•,53930 

92517 

•1 ,90961 

-5,95690 

PHIN 

DEG. 

-.««7«3 

-. 51 «36 

-,S3898 

-.53565 

J9«31 

- .96926 

-.95099 

-.97503 

-.51 179 

57620 

-.66222 

% DEPIVtf' BY FTTTIvG * 

renpo c 'Ov 

fr Tnqn"GM 

-9ft, -2ft, 

+ 20 +uft vau 'FS, 
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APPENDIX E 


TABLE El. - Continued 
(c) Z = -5.08 m/sec 








Value of parameter at 

X, knots, of 




eter 

Unit 

-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 


“TT^FC 

- . 0 '■> R 7 2 

.,0 0 4102 

-,02511 

-.01 AA9 

-.01604 

■.,02307 

-.02806 

-.03200 

- -.03833 

-.04501 

•,05093 

XV/H 

1/Sf-C 

, T 1 

- , C r 3 Q 1 

- , pp 1 09 

.(i''175 

,0002b 

-.00011 

-.00057 

-.A0078 

-.00138 

-.00267 

-.00576 

X»i/M 

1 /Sf.r 

, Q K F 1 1 

, 0 4J 7pi| 

, A 3 9 n 0 

.'' 3 75'^ 

, 0 38?9 

,03404 

,02603 

,01535 

,02025 

,01025 

01344 

xnB/M 

-/SFCP-C-- 

, A 1 o^n 

, 0 i ^a7 

, A 1 085 

,4'1 593 

, A 1 005 

.AI573 

.01781 

.0 1 930 

,01720 

.01105 

.00828 

xoc/^- 

V5Fr?.r- 

. 1 HF’‘37 

. 1 oPf3 

. M51 0 

,0ft556 

,06381 

.04331 

.01763 

-.01063 

-,00611 

-.05192 

j -.09554 

XOS/M 

-/Sf r?-c- 

p. , 0 1 n . 7 

■ ^ l> <■ p P c 

• , A 1 A A 0 

- , (1 A A ••> 2 

-, A A A A? 

- , 0 Apo 1 

AOOOI 

AOOOl 

-.00001 

-.00001 

1 .00003 

XOR/^* 

'^/SFTP-C'' 

« , 0 - '4 

- , 41-' 'ip 

- , A p A n 2 

- , A 1 A P? 

- , A rj A A 1 

-.OACOl 

-.AO0O2 

-.A0012 

A0003 

-.00002 

; ..00003 

XP/M 

‘-/SET 

, 0 2« " ' 

, 4^ 2 S 

, A(.^62 

- , AP OKI^ 

- , A (1 A 8 3 

, 0 Api29 

,00072 

.00142 

,00198 

.00227 

! ,00337 

X3/** 


, 7 ) iHM 

. 72 i*,? 

,79)00 

, 77 ! ft 7 

,75721 

,74147 

,73800 

,74840 

,794<i2 

.09413 

' 1.00264 

XP/H 

“/SFC 


• , rp.4j 7? 

-, A3A 55 

, ‘1 iM 5 3 

-.00300 

- , A 4) 9 6 1 

-.411295 

-.01677 

-.01745 

-.022531 «, 03727 

ViJ/H 

1 /RF C 

1 tP 

R 

- , A A A 6 P. 

, 0 A AQO 

,00024 

,00013 

. 04)039 

,flA07t 

,00094 

,000841 ,00071 

V\//H 

t /sFr 


- , 1 ‘^S 70 

-,15810 

-.12300 

- , 08054 

-.08301 

-.09829 

-.11528 

-.13143 

-,15165 

17610 

Y»</M 

i /.«?Fr 

,r.O l?'» 


. A A 3 0 8 

,0A 591 

,00034 

.004 12 

,00391 

,00395 

.00463 

.003381 ,00238 

yob/*^ 

'’/.SFCP-C" 

-.O'!?’? 

• , p ' p /, y 

,411m 59 

.'1'“ 5ft? 

,00514 

, 0 0 4 8 A 

,00347 

,00172 

-.00047 

-.00638; -.01247 

VOC/^* 

'•/SFC^-r" 

,«r^. 'ij 


, A (> 5 M 8 

, PI .1 ft ft 5 

,00859 

, API8041 

,00779 

, 0 A 8 1 4 

,01007 

.008921 ,00642 

VDS/^- 

‘'/SFC2-C'' 

, 1 ^4 f'SS 

, ) ■. P R P 

, 1 0 A i ft 

. 1 3ft93 

.1 5731 

, 1 5750 

.13815 

, 1 3985 

.14146 

,144181 ,15206 

YOR/»- 

•vstc?-r“ 

- . 1 « ^ ^ 

- , p ' P a ^ 

-.41A82? 

- , r P 0 A 8 

-.01375 

-.00455 

-. 4)0544 

-,op535 

-,00166 

,00236; ,00681 

YP/M 

-/SFC 

-,ua?bH 

- , 5 ? S 0 n 

351 ft? 

5/r 7o 

-.43333 

-.4 ^819 

-.49124 

-.48224 

-.44707 

-.39057 

-.32907 

yg/M 

‘VSFC 

IP 

, p ■ P n 2 

- , A Ap72 

-.0^277 

-.00327 

.411326 

, 03825 

,06503 

,09274 

,15171: ,21097 

yq/H 

-/SFf 

- , t 7 *j 7 

- , "0 1 (KP 

-, A379A 

-. 0 58«? 

-. 0/468? 

-.05145 

-.05261 

-.051 74 

-.05048 

-.04753 

-.04597 

zijy*- 

1 /SF c 

, 1 

, 1 r>Sop 

. A31 OP 

-,^957? 

- , 41 7 7 /| 9 

a/^7 89 

» . A 3f)2 A 

-,02241 

-, 0O28P 

.03274 

.02714 

?V/M 

1 /S£f 

- , 0 •' 7 2 2 

-.'1^ *P2 

, A’(a72 

, P AA62 

-, A0A12 

, AOt P7 

, A02oa 

, oa?42 

,00244 

,00281 

,00464 

Z-/M 

1 /Sf c 


-.57151 

-.35751 

..4(.S3ft 

-.49832 

-.50473 

-.65759 

-,71688 

-.7441 1 

-.64564 

-.64701 

ZOB/“ 

-/5F r^-r« 

- , 'i 2 « s S 

- , P 1 P OR 

. (1'i3 33 

, p 1 709 

,03083 

.04474 

,04698 

,04573 

.03110 

.02726 

,04565 

ZOC/f- 

-/SFC?-C« 

« 1 , Z; S 1 2 O 


-,9«9 51 

-1 .41 1 285 

-1.07150 

-1.1 6389 

-1,28538 

-1,366241 -1,42338 

-1 .22658 

-1,21618 

ZOS/>' 

■VSFCP-C" 

, • .' tJ h 


, A() a3 A 

, 4' A ? 5 

, 0 A A 2 0 

. 41 C p 2 A 

, 0 0024 

, OPI034 

,00039 

,000461 ,00096 

ZOP/M 

••/sFra-c*- 

, ■<' '7 

, PI '>nP2 

- , A f, A A 1 

- , r. i; A A 3 

- , AO Ap5 

• , AO A A4 

-.00003 

-.00004 

-.00001 

-.00009 

-.00028 

7py« 

«/SFr 


-,4'7023 

-,'121 12 

. A A8 n 

-.02808 

A2036 

-.00661 

,00475 

,01106 

.01827; ,03614 

ZQ/- 

"/SFC 

, U h 'J P 

, 1 SPSP 

.10755 

,1 40 1 A 

-.1 5957 

-.1 9959 

-. 1 3888 

-.0/1846 

,14322 

.01063 

-.19585 

ZR/H 

VRFf 


.31 (177 

, onoi ft 

-.29995 

-.26521 

1 9440 

1 8451 

-,184^0 

-.18294 

-.17223! -.21324 

UU/Ixx 

1 /SFr--! 

-.''f'lbA 

- , 119/1 

- , AO 1 00 

- , 0 4) A 7 5 

- , 0 (1 n 4 8 

- , A 0 A 39 

- , A An 1 1 

,0O0?7 

.00003 

,00033 

,00065 

LV/IXX 

1 

-,n?i 2? 

-,P21 R? 

A21 78 

-. A21 29 

- ,02054 

-.02A57 

-.02127 

-.0225? 

-.02441 

-.02750 

-.03265 

L-i/lXX 

i/sfr--* 

,-MHS 

,4 '• m« 

, A A 1 50 

, AP 1 97 

. 0031 1 

, A03P? 

,0041 8 

,00443 

,00558 

,00565' ,00554 

LHB/TxX 

1 /sFr?-c^ 


1 -.('15^3 

-.01139 

-.AAR27 

-.00472 

- , 0032A 

-.00305 

-.00379 

-.00583 

-,012m 

-.01944 

LDC/IXX 

1/Sfcc?-C>- 

-,''''3^1 1 

; -.'■'E)P2 I 

[ - , A (’ 6 0 A 

' AA60? 1 

-.00825 

AA893 

• .4>0 56 7 

-,00590 

00426 

00400 

-.00481 

LOS/IXX 

i/SFC?-C« ' 

, 1 

,15532 

,16007 

.18516 

.16177 1 

,18108 

,16268 

,18409 

, 16496 

.16672 

.17273 

LOS/Txx 

1/SFC2-C- 1 


: -.'''^730 

-,050Pft 

; -.A526/4 

-,051«2 ; 

. ,05248 

; -.05353 

-.05405 

-.05154 

-.04914 

-,04819 

L»/Ixx 

1/SfC 

-,f»P7sc, 

-,539/jS 

-.814195 

! -.8174JS i 

-.864?9 

-.89571 

-.70323 

-.88840 

-.64553 

-.58229 

-.50997 

LQ/IXX 

1 /SEC 

, 1 5F)20 

, 13 1 'J R 

, 1 1 P38 

! ,09605 ; 

1 ,06480 , 

,0/1995 

1 ,04770 

,05286 

,07124 

.12280 

.16163 

LR/Ixx 

1/SFC 


»,A/J0?2 

-,'10119 

A021 7 ' 

' 0 0804 1 

-.05242 

, -,05301 

-, 05123 

-.04777 

-.04132 

-.03326 

' MU/rvr 

1 /SfC-'- 

, r. )/j5>, 

, A 1 0 R4 

, A 1 305 

' ,01 o?n ‘ 

-.00008 

n Agypl 

- , 0 1 1 no 

-,01041 

-,00715 

-.00551 

00724 

HV/I YV 

l/SFC-'' 

, p •. 5 M 

, 41 ‘'573 

, A 0 A AO 

-, 41051 0 : 

-.00342 

0 411 231 

,00080 

,00274 

,0047? 

.00574 

,00810 

MW/IYY 

1/5FC-- 

S23fl 

-,01 19^ 

.410605 

,n?39i ; 

,04387 

, 04977; 

.05132 

.05304 

.05808 

.04529 

,03672 

«oft/l yy 

i/SECP-C" 1 

.5443H1 

. 1 37R.1 

. 1 i5?9 

. 1 3807 

, 1 4268 

. 1 53541 

,16358 

. 17258 

.17779 

,14685 

,14237 

-oc/iyy 

1 /SFC?-C‘' 

- , 0 1 5 M 

, AP ? ( Q 

. A Aft?0 

,0)50? I 

,03275 

, ASl7? 

,06201 

,08624 

,07619 

,05421 

,03725 

: •'os/ivy 

] /SFr?-r“ 

^ n »>p An 

- , A p n P p 

- , A 0 A PI A 

- , 0 ’) (1 0 A ' 

-.OOPAl 

-.0000 1 

ponn 1 

-,00001 

-.00002 

00002 

-.00001 

HOR/jyy 

1 /SFCP-C- 

i - , n (' 5 1 

(1 )4i25 

-,41A0?? 

- . 0 A A 1 7 ' 

-.00014 ■ 

-.0001 3 

-.00015 

-.00021 

-.00025 

-.00029 

-.00056 

HP/IYY 

1/sec 

^<'u7?h 

, 05177 

-.00231 

-.05489 ' 

-.04588 ]' 

-.02774 

-.01296 

-.00160 

,00717 

,01310 

,02291 

-^Q/IYY 

i/SFr 

-1 .'^32-4} 

-1 ,35700 

-1,27220 

-1,33096 i 

-1,52399 ; 

-1 ,6461 4) 

-1 ,71462 

-1 ,758 68 

•1 ,74931 

•1.45384 

•1.41351 

*1R/IYY 

1 /SEC 

-,PlSiJ3 

-.0 12R3 

-, A P058 

-.01502 j 

-.01750 , 

•,nifl06j 

-,01523 

-,01126 

-.00415 

-.00077 

-.00163 

N'J/IZZ 

l/StC-"> 

. r '' n 5 » 

,'“''135 

, Ap 186 

,00 1. 8'4 

,00108 j 

,000821 

,00078 

,00069 

,00057 

,00019 

-.00031 

SV/IZZ 

l/SFC-*’ 

-,ft05'4 5 

P09«59 

-.00264 

. 00455 1 

.00113 . 

.000031 

-,00066 

-,00120 

-,00162 

-.00227 

•,00224 

1 -JW/IZZ 

i/stc--- 

, P ■> 1 

, p 1 ARP 

.00095 

, 0 01 1 41 

,00082 

,00016| 

-.00035 

-,00087 

-.00218 

—.00600 

•.01016 

' 'ioe/izz 

I/S£C2-C^ 

,01526 

,02J 12 

,02183 

,02099 

.01861 

,01692 

,01608 

.01 622 

,01761 

,01966 

,02397 

NOC/IZZ 

i/srr2-c« 

« , n 0 1 9 44 

-,41AphP 

, AtjpSP 

,00171 

,00305 

,00405 

,00480 

.00565 

.00536 

,00009 

•,00560 

N09/IZZ 

1 /SFC?-C“ 

, p 2 7 H 

,0A5jR 

, AA 36ft 

.0 5410 

, 004 1 1 

,00395 

,00379 

,00585 

,00466 

,00557 

,00671 

NOR/IZZ 

1/SFC2-Cf« 

, riBPPF 

,41p1 1 «5 

, A0O07 

.08022 

,07930 

,07928 

,07974 

,08071 

,08174 

,08340 

.08602 

NP/IZZ 

3/SFC 

.0232U 

.01752 

,00351 

-.01103 

-.01831 

-.02268 

-.02765 

-.05532 

-,05220 

-.07347 

.,10472 

^15/IZZ 

l/SFC 

15279 

-, 1«S93 

-.19391 

-.18670 

-.16426 

■., 1 4534 

-.12999 

-.12401 

-, 1 1246 

-.10165 

.,10566 

*JR/IZZ 

1/SFC 

• , n tj 1 /1 1 

• , 4' 0 2 41 9 

- , 0443«5 

-. 410383 

-.04318 

-.04306 

-.04377 

-,04566 

-.04979 

-.05676 

.,06986 

00 

C“ 

, 30235 

, 41 0 0 9 4^ 

-.67895 

-1 , 38H98 

-1.76470 

-1.21604 

-.36594 

.40780 

1 ,14263 

1,63651 

2,52175 

oc 

CM 

11,72)9^ 

1 2,59053 

12,9609? 

12,52988 

1 1.41022 

10.84909 

10,86939 

1 1.41712 

12,40764 

14,14235 

17,12020 

0.0 

CM 

,S9U3« 

.5501? 

,6ft9P3 

,87398 

,61 9n8 

.56903 

,52650 

,49486 

.51032 

,58274 

,71519 

OR 

CM 

. 204120 

.23383 

. 17367 

.11039 

.05068 

-.16101 

-.43787 

-.74712 

•1,08583 

-1,50138 

•2.17506 

then 

OtG, 

P , 1 OPiM 

7, 56582 

5,51257 

5,59523 

4,25894 

2.96632 

1,42161 

-.22319 

-.55312 

-1.45296 

.4,81367 

PHJN 

nFR, 

-,4j 5SP?> 

- , 0 8 7 6 R 

-.51126 

-. 49798 

-.43906 

-.40330 

-,39769 

-.41426 

-.45802 

-, 52990 

-,62193 

1 

* OFRTVEO «y FITTI*. 

f; A tmtr4^ ( 

Apt/f R r- ’0 v| 

p TmppiiGh 

-' 40 , -2A, 

f20 AND +4 
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APPENDIX E 


TABLE El.- Continued 
(d) Z = -2.54 m/sec 


Value of parameter at X, knots, of 


param- 

eter 

Unit 

-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 

vy/M 

y /SPr 

-..■.J9uR 

- , 0 .'i 41 ^ 1 

-.02X2S 

-,00641 

-,01387 

, -.02174 

-.02695 

-,03084 

. ..03724 

• .05T54“ 

•,04051 


1 /SF r 


- , 0 /• t R ,j 

- , ofoP 7 

,OO0S S 

,00098 

,09001 

-.00006 

-.09027 

-.00062 

-.00137 

-,00421 

XW/M 

» /SF r 


, 0 j p a „ 

.oiS89 

, 03SR9 

, 03RR4 

.93625 

.02864 

,01919 

.02536 

.01054 

00254 

XOH/M 

v/sFC?-r- 

, T 1 ORR 

F.P1 

.01 opn 

,9 1347 

,01355 

, 0 1547 

,01779 

,91947 

,91740 

,01400 

,01141 

XOC/M 

«/SFC?.rM 

. 1 Si pR 

. t '*7p% 

, 1 1 

, 0R47 1 

,06465 

,94726 

,02461 

- ,99998 

.00731 

-,01061 

-,07156 

XOS/M 

-/stfP-r- 

. ^ T ro <Mi 


- , 0 0 ft .> 2 

- , 0 0 0 p 1 

-.09000 

-. onnoo 

-,99909 

• , 99900 

-.00901 

00001 

,00000 

XOR/« 

'■/SFC?-'"'' 


'"0-^p 

- , 0 A f4 |4 ( 

- , 0 r 0 p 1 

- , AO OOO 

-.00999 

-,9pono 

-.00001 

-.00001 

•,00001 

-,00003 

XP/M 

-/stc 

, •>.? JHR 

. opi?*; 

, 0 C 9 R R 

- , 0 1055 

,00252 

.991 74 

.99125 

,09101 

,00145 

.00195 

,00292 

XQ/*^ 

-/SFC 

. hOr?u 

. 7 7fce,4 

, 7PO05 

.7689R 

.75145 

.72987 

.71912 

,7260? 

.77279 

.02647 

,9300s 

XR/M 

-/Sf c 

X 


-.0 JhTO 

-.9.-9 13 

-.01274 

-,9 1 ?1 6 

-.01117 

-.01213 

-.01227 

•,01571 

-,02764 


\ /«^PC 

• , ' M 

' 1 Y'' 

- , oori SR 

, )OOR7 

.00915 

.OOOOfs 

.00032 

,00066 

.0906? 

,00101 

,00100 

YV/m 

« /SFC 

• , R 1 '< s 

» , 1 *?►.** 

-. 1 '4'^P'? 

-.11 666 

-.07436 

-,078?2 

-.09235 

1 0972 

-.12006 

•,14811 

-,17168 

YW/*< 

i/stc 

,v 

. ’■ P7p 

. 0 •. S 3 1 

,00354 

. 0 04 1 2 

,00366 

,00328 

,90320 

,00374 

,00426 

,00419 


•</SF r?-c- 



, 0 0 1 S 0 

, 0 04 1 R 

, 0 06 1 2 

,00552 

, 90 S99 

,00203 

,00014 

•,00474 

-,00914 

YOC/^ 

-/SFC.^-C- 


, " 7«P 

. 0 -IR26 

. 0 R 11 

. 90746 

,90688 

,09641 

.99662 

.00859 

,09975 

,01051 




, w. 4 

. 1 39*^3 

. 1 3«1 3 

. 1 3615 

. 1 35 79 

,13617 

. 1 3731 

,1 3632 

.14033 

,14730 

VOR/*' 

-/SF cp-r- 

'1 .XH 

- , t S 0 'j 

- , 0 '■ 6 3 S 

-.0 'upx 

- . n A4P2 

-. 09546 

-.00683 

-.00723 

-.00410 

-.00966 

,09316 

YP/m 

-/SFC 

- , s ' s 1 P 

-.‘J ^P7^ 

- . •! 0 S 1 i 

- , 4P7PR 

-.51015 

-.5J856 

- .56344 

-.55164 

-.51122 

-.44784 

-,36161 

Yt?/-' 

-/SPC 

17F 


, 0 ' A J 0 

-.007^9 

-.01173 

,00713 

,03466 

.06229 

,68444 

,13129 

,17920 

YR/M 

«/SFC 

-.'SSX7 

- , j •* •> i 

- , 0 J 'I IP 

- , oti*>3o 

- . 0 SUP 4 

- . P5PR0 

-.06968 

-.0590 1 

-.65660 

-.05908 

-,04740 

Zii/“ 

i /SFT 

.1 

, 1 -?'A 

, 02H2^ 

- . 1 1 R 1 6 

-. 09P6P 

-.0563 7 1 - , P 3356 

- .02259 

-.00324 

,05104 

.01630 

ZV/'* 

i /<5F r; 

-.'•'S'S 

- , « ■ 1 A (j 

. OA , SS 

, 0 1 P 0 fl 

,oo?i p 

, 0 A 2 P 0 

,99319 

,00 j 16 

,10384 

,00238 

,00310 

ZW/M 

» /Sf C 

-,-4 <SR - 

- , X 'Oi 7 

S270 1 

-. 5 7R 1 P 

-. 4 7 3 1 4 

- , 56896 

-.64615 

-,79014 

-.74979 

-.66003 

-,70049 

ZOR/“ 

'•/SF r ^-r 


- , 1 1 ?o 

, AA^uq 

, 1 1 R6i 

. A xqpp 

.0509 4 

.05154 

.0495 1 

,04914 

.01115 

,03197 

ZDC/^* 

-./sFr?-r -• 

-i.mpk, 

-.PH 

-, P 7*>20 

- , P 9 R 1) 1 

-1 .0511 1 

-1,14474 

-1 .25069 

-1 .35527 

-1 ,42044 

-1,20676 

•1,30750 

zos/** 

••/stc?-r " 



^ A A f\ 5 ^ 

^ on 00 q 

, oopnS 

,00013 

,00006 

,0991 4 

,10017 

,00026 

,00071 

ZOR/f- 

' /SFCp.c-^ 

, 1 ^ > -i 

-,-1 

-,00001 

- , 0 A ,1 A 0 

, 0 lOM 

-.90001 

- , 0999? 

-,09996 

-.90007 

09003 

-.00012 

ZP/'' 

-/SFC 

-.1 JR1 » 

-.''PToa 

-,0S4ii2 

-, 02866 

-.03784 

-.9 1627 

-, 0 1423 

-.09414 

.00615 

,01140 

,02563 

?g/M 

■•/SF r 

,ss <«1 

, t 7 '1 » R 

, ) «ohP 

, 1 1 SRX 

-,257P 1 

-,?781 5 

20?54 

-.10313 

-.07222 

,24309 

,10619 

ZR/^i 

■VSFC 


,Xu7i7 

, oPSO p 

-, 1 3521 

-.06226 

«. 94443 

- ,96997 

-.11120 

-, 1 3884 

-.15921 

-,19525 

LU/TXx 

t /SF f - ' 

- , ' ' 1 1 

-.n'lQ, 

- , A 0 1 p p 

-.00038 

-.0004 1 

-,9995a 

-, 99027 

,09010 

-,00026 

,0002s 

,00057 

Lv/ixx 

i /SFC- • 

..-'lO-R 

-.''Pr'7? 

- , 0? A8? 

-.02032 

-.OIP36 

-.9 1 926 

-.01985 

-.02998 

-.92272 

-,02552 

-,03013 

Lw/Txx 

1 /SFT- • 

>■? 

, 0 0 1 A 1 

, 00 1 bS 

. 0 i-- ? 1 P 

,00 3R5 

,90454 

.09475 

.09492. 

.0955? 

.00605 

,00606 

LOR/T XX 

1 /SFCP.f - 


[ - , 1 X ' a 

- , 0 1 nXP 

. . r Af,60 

- , 00?4 1 

- , 0 1085 

-.09974 

09 t 42 

-.99203 

-.09846 

-,01399 

LOC/Ixx 

1/SFCP-F' 

7 , 

1 -,O'0*,7 

1 - , 0 ot, 7 0 ^ 

- , 0 1; 6 0 P 

- .00548 

-.004 77 

- , O0469 

-,99461 

-.993161 

-, 00 1 45 

-,00211 

LOS/Ixx 

1/SFCP-C" 

! ] 

1 , ' 

1 .16XP5 i 

,1625? 

,16086 

.16071 

,16121 

,16221 

, 16?65| 

,16369 

, .16922 

LOR/T XX 

1 /SFCP-C'- 

! 


[ - , fiSo 76 

-,05250 

-.05189 

-.05271 

-.95390 

-.05472 

052-46 

-.05031 

1 -,04957 

UP/lxx 

1 /SFC 


-.6S4J1P 

-,6Sti2P , 

-.66455 

-.720P5 

-,75755 

-,76621 

-.75041 

-.70591 

63021 

-,56471 

LQ/IXX 

1 /SFC 

,ipo<,« 

. 1 

I . ’ 0B71 

.07PP1 

,04113 

. 92570 

, 0P43P 

,02997 

,04291 

.08984 

,12142 

LR/TXX 

1 /SFr 

-.'•S7Xh 


, -.''R6P1 

-.OuRyS 

-.05584 

^ ^ 0 ^ 0 t ^ 

- , 9698? 

-.058/2 

- , 95499 

-.04675 

-,03001 

mm/Ivy 

i /SFC-' 


,o\SXS 

, AP Av(0 

, .o-iSSh 

-.00142 

-.01128 

-, 01 P03 

-.91 993 

-.090?? 

-.00370 

00490 

MV/I YY 

I/SFC-- 

,-•‘.71 

, f ■ XP" 

, 0 t' 02R 

1 - , 0 12P0 

-.00205 

- . 0 0963 

. 0 0 990 

,''0248| ,00431 

. 00524 

' ,00747 

Mk/I YY 

1/SFC-* 


- , 0 i il4,H 

. 00666 

1 ,0^742 

,9503'? 

, 05363 

. 053P4 

,05504; ,95405 

,05626 

.05102 

HOfl/IYV 

i/sFc?-r^ 

1 5 

,1 XSi 0 

, 1 3P66 

1 .13461 

. 1 4l?5 

.15357 

,16408 

.17317 

. 1 0926 

. 15481 

,15069 

MOC/I YY 

|/SFC?-C‘ 

: 

, ^ '1 p « 

, O07P1 

1 ,0 1 24R 

.P35P4 

,95544 

,06485 

,06982 

,07619 

.07106 

,05040 

mos/IYY 

1/SF'’2-C‘ 


'Onn 

-.opnpo 

- , 0 , on Q 

- , 00 0 AO 

-.90001 

• , 10090 

-, 0 9 0 0 1 , -. 90 09 1 

-,00092 

I .,00003 

•^OR/I YV 

l/SFCP-C" 

- - iX ‘ * 1 H 

-. "..m 

^ -.000)0 

-.01006 

-.91003 

-.99002 

«, 09 904 

• , A 9999 

-. 9091 1 

-. 00016 

1 -,00042 

MP/JYV 

1/SfC 


, (5 “ 2 1 

I ,00105 , 

i -.95462 

' -.1294P 

-.0 1296 

-.00679 

-,90409 

,90392 

.009921 ,01915 

MQ/JYY 

1 /sec 

-i ,S«RRp 

, 1 , X 1 S 'J 0 

1 -1 ,2'*1 RR 

-1 ,31713 

1 -1.54193 

- 1 ,66128 

-1,72433 

- 1 , 76349 

-1 .00237 

-1 ,56573 

-1,55061 

MR/I YY 

1 /SPC 

-,''2*4-. 1 

-,^'7XS 

-.0 0PR9 

-.OD624 

, -.01073 

-. 0 09 1 5 

-.10751 

-, -10622 

-.00407 

.00033 

,00176 

•JU/IZZ 

t/SEC-- 

, '"OP? 

,•"110 

,o016U 

,90165 

,00991 

,09084 

,00003 

,00975 

,00062 

,00033 

,00006 

NV/IZZ 

l/SFC-'' 


-,o 'Safl 

-.00230 

,00442 

.90100 

0 00 1 3 

«, 00007 

••90144 

• , 0 02 1 0 

•,00256 

-,00259 

R-/IZZ 

1 /SFC*“ 

, 0 1 *srt 

,',0-13, 

,0 0 055 

,PO0P3 

. 000 J4 

• , 90040 

-.00076 

•,90104 

• ,00194 

-.00449 

-,00713 

MOB/IZZ 

1/SEC2-C- 


, C 1 pocj 

,oiqP6 

, C 1 P 0 1 

,01617 

,0 1399 

,01277 

,01263 

,01301 

,01617 

,02044 

NOC/IZZ 

j/sEca-c*^ 

-.<'''10=5 

-,■0007*4 

.0003P 

.00152 

,00265 

,00326 

,00395 

,90402 

,00511 

,00192 

-,00179 

SOS/IZZ 

t/SFC?-C- 


,0^ Xi? 

,00364 

,00404 

.00398 

.00372 

,00345 

.99339 

,00407 

,00404 

,00502 

N5R/IZZ 

j /SFca-c- 

.OROJA 

.O'ior? 

, OR050 

.97P76 

.07063 

,07856 

,07857 

.97921 

.07987 

,00112 

,00521 

NP/IZZ 

t/SEC 

,niss2 

. (’ 1 341 1 

, 00 1 RP 

-.01 972 

-.01580 

•,01901 

-.02199 

•.02739 

• ,04 104 

•.05323 

-.00419 

•JQ/IZZ 

1/StC 

1 

-.I'sSbX 

-, 1 760Q 

-, 1 6680 

-.13762 

-.1 1156 

-.09560 

-,00067 

-.07701 

-.07774 

-, 00692 

MR/IZZ 

WSPC 

OIJO57 

- , 0 0 1 p q 

-,o«?63 

-,0423P 

-.04116 

-.04060 

-.04096 

-.04221 

-. 04540 

-,05098 

-.06183 

no 

c- 


. n 0 ti 7 

- , 7 0 9 1 P 

-1,74888 

-2, 34249 

-1 ,64910 

-.60715 

,21224 

.07295 

1 ,29602 

2,09347 

DC 

c** 

10.E>5^PF' 

I \ , 72760 

12,06419 

1 1,55953 

10,22659 

9,52319 

9, 45564 

9,9301? 

10,00075 

12,53349 

15,37470 

ns 

c« 

,b1 ^ps 

.SP239 

.62S12 

.6 1 242 

,55526 

.4R932 

,45307 

.42023 

,43022 

,50393 

.61515 

DR 

0“ 

, 0P3R9 

. 12S«5P 

, 1666 1 

,19681 

,20679 

•.00611 

27792 

••56418 

-.05640 

•1,20906 

-1,78995 

then 

Dtr,. 

R , 9^^>o7 

7,R1 psq 

6,61 lo9 

5,43887 

4 , 369u 1 

3,13931 

1,65473 

,07423 

• ,21157 

•1 ,03887 

-4,24451 

PHIN 

DEG. 

-.tR2?F. 

-,P55q7 

-.48161 

-.45975 

-,38300 

•.34133 

-.33547 

-.35475 

■ .40420 

-.48392 

-,50300 

* OFRTvirn Rv FiTTt' 

G A ThIjO 

OhOF q C 'RVF THpnngH 

-40, -20, 

♦20 ASO ^40 vaL"F8, 
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APPENDIX E 


TABLE El.- Continued 
(e) Z = 0 m/sec 


Value of parameter at X, knots, of 


I»aram- 

Unit 




1 ” “ 

■' 







eter 


-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 

"ViJ/H 

\ 


- j ^ . a o 

-.rPu ii 

-,Ar2«>q 

-.01169 

-,o2p«6 

-.02592 

('2981 

^ -,0363i 

-.09267 

• . 09737 


1 


■''7S 

A-, AUS 

A 'O/JF 

A AOpO 

,00019 

,00029 

. 0CA21 

.ooni 

-.00020 

-.00267 

X*/'’ 

1 /<!PC 

, 'S'. 

. r Ah , t 

, aa?S9 

, r s -4 1 p 

, 0 5870 

,05769 

.03122 

.02283 

.(ilOlt 

.02613 

,00375 

XOR/M 


. ''/I'SF. 

,'M Sq 1 

,A MFP 

,'M 3np 

, 0 1 3ra 

,01523 

,01778 

,01966 

.01757 

.01616 

,01295 

xoc/- 

■/'sf-fP-r'* 

, 1 

, 1 u S '1 <' 

, 1 jpoy 

,am3R6 

.065«9 

.05117 

,0319} 

.OA871 

,02026 

,011191 -.09955 

XOS/” 

. /-5F r^-r - 

'-P 

- , "1 

- , r A 0 .1 0 

, r. M A A 

, OOP n 1 

, 0 0 0 0 0 

, oonno 

.oAAon 

.oonoc 

-.000001 -.00000 

XOP/‘' 

» /S» rp.r. 

1 

- ^ t 

- . A.,ror 

. AAA5<i 

. ooooo 

.nonno 

, ponoo 

, ponop 

,0000c 

-.OOOOOj -.00002 

,(P/M 

'/5fcr 

.■M-1 ^ 

, ' 1 F, P 

.■'-.SP5 

.A.1P3P 

,0005/ 

,001 16 

,00157 

.00159 

,00136 

,00169! .0022S 




. 7fF"(; 

.7« 7P7 

,7f7fS 

.79632 

,71869 

.70283 

.70939 

,7968^ 

.76669! ,08757 

XR/-' 

w/sfC 

'SP^S 

-."troi 

-.'^<210 

-, APPPI 

-.0231 3 

1 -.01925 

OOR56 

- ,00856 

-.00902 

-.011561 -.02049 


1 /SFr 


- , ^ 1 /, q 

-.0 'A 1 q 

.(>' P9S 

- , on ao6 

j -.00017 

.00026 

.00063 

,00074 

.001081 .00096 

VV/M 

\ /SFr 

, , ' H 'J F n 

- » 1 APSS 

-.1 S71P 

-.1 1 iss 

-,06893 

1 .,07909 

A8899 

-.10671 

-.12524 

-.19529 

-.16013 

V»/'< 

1 /Sf ^ 


,0 V.S« 

,'i"PF9 

,a'>33£, 

,00918 

1 ,0035(1 

,nc?b7 

,00260 

.00304 

1 .00976! ,00409 

VOR/V 

. /<}rrp-r - 

f i. V < 

- , • P 1 q 


, 7 A ^ 8 q 

.00729 

‘ .0062? 

, 0091 7 

.00209 

. 00094 

1 -.00397 

> -.00766 

VDC/^ 

-/SFC?-r-' 

, r so 7 

,1.710 

,A'-7F? 

,r. a7ua 

,00669 

.00582 

,30502 

.00505 

.00605 

,01013| .01073 

yns/“ 

•'/SFCP-C' 

. 1 i«P7 

, 1 

. 1 JPOR 

. 1379? 

.15S15 

.1395B 

, 13927 

, 1 3985 

,)352F 

.136591 ,t427l 


^ /^f r?-r- 



- , A -FB 7 

- . r ,1 y 3 6 

- ,00069 

-.00636 

-.00821 

-. 00911 

-.0065' 

-.00371! -.00052 

YP/“ 

-/SFr 

7<i J« 


-..jSSSP 

-.tl‘^01 P 

. ,S69qS 

-.62055 

-.63622 

-.82157 

-.57561 

-.50905 

93311 


-/srr 

.•'PS«P 


, p'l * Pf 

0 J 300 

-.CP25S 

,00106; ,03290 

,06168 

,08239 

.12975: .16819 

yt?/" 

-/sF r 


-,rsp»,7 

ASA 1 i 

-,'.S 3f<3 

-.0629? 

- , OF7F6 

-.06899 

-.06627 

-.06295 

-.05622, -.09976 

?K/M 

1 /«FC 

.15, .0 

, 1 qh 1 1 

, 'A p u u 

- , , Atjq 

-. U 1 92 

-,06631 

-.05799 

-.02285 

-.00337 

.03061 

.02053 

?v/- 

J/SFT 


, f ' 1 “t A 

, A M7« 

, spa 

, .Y.lSQp 

, 00987 

, 00925 

.00381 

.00937 

.00302, .00355 

Z-i/« 

1 /SFC 

-.0 ... 7-i 

- , A 1 7 A A 

-,?PSS7 

-,5q«es 

», aoS'^d 

-,SM18 

-.63988 

-.69967 

-.79553 

-,68?61i -.70389 

ZHB/M 

-/SFr;>-r^ 


-,'1PAR 

, A A Ab<i 

.A19SP 

, 0 .'i a 3 8 

,05608 

.05653 

,05559 

.09916 

.00700 

,03083 

Zor/M 

-/SFcp-r-" 

-1 , M J 77 

-.Q7SA7 

-,PF7 

-,RaS77 

-1 , npMpo 

-1.12319 

-1.23955 

-1 . 39 323' -1.92725 

-1,39721; -1.36395 

?ns/'' 

- /SF r?-r . 

.■ '.'.H 

,5 

« . A ) A A .A 

- , A A n A 5 

- , r 0 A AF 

- , 0 0 A AS 

- , O00O9 

-,0pA02 

-.00001 

.000061 .00090 

^riP/M 

-/SFr?-r - 



, cl ' A,. 1 

. r A A 1 

, A A n A 2 

, AO AO 1 

, o T0O9 

, n A A 0 0 

.nooon 

.0000! 

-.000061 

ZP/'i 

•>/SFC 

-,*-<7P. 

-,Ak- 70 

. A 1 P77 

.AS7A2 

.09SSS 

.06598 

,03796 

.02030 

.02122 

.00923. ,01968 

ZQ/H 

-/Sfr 

,-5SSPp 

,Pl ''BB 

. 1 3PF 1 

, AfjugA 

-.34896 

-.35991 

-.2671 1 

-.16038 

-.12669 

,25919 

,05959 

ZP/- 

“/SFr 


.1 .io? 

.MOM 

, iPnSi 

, 19785 

, 08698 

.02539 

-,0?896( -.05733 

087391 -.16059 

L'J/pfX 

1 /SFC- ‘ 

''M "in 


-,Ar API 

.O'.ni 3 

-.OonuS 

-,000 77 

-. 00096 

-.001)07 

-.00053 

,00012 

,00031 

LV/IXV 

1 /srr-' 

- , 'M 

-,MM7P 

- . 0 1 qQ3 

-,r'19 3<7 

n 18P1 

-.01798 

-.01899 

-.01953 

-,0211a 

-.02379 

-.02600 

L-«/IXX 

1 /«;fr-« 


, « 1 FS 

, A.- 1 S8 

. ■« APSU 

. 0 009S 

, O0599 

, (10599 

,00598 

.00587 

.00791 

.00709 

LOR/IXX 

1 /5f cP-r “ 

'll J 1<3 

- , M P 0 7 

- , A Aqijo 

- , A A. u q 1 

, 0 oono 

,00198 

, 0(1 1 95 

, 00079 

-.00030 

-, 00503- -.01035 

Loc/rxx 

^/5r^^-r- 1 


-,r'B3o , 


- , A A S 7 P 1 

-.00962 

-.00390 

-. 0031 7 

-.00318 

-.00208 

.00088, -.00030 

LOS/Txx 

l/<;Ff?-r- 1 

1 , 1 ^ : 

.iFtjpA ; 

, 1 F 5Sq 

. 1 OPO? 1 

1 ,16008 

.15966 

. 1 5980 

.1 6(159 

, 1 6090 

.16116 

.16506 

l_r>R/ixx 

)/<;FrP-r- 1 

-.''S/'.o 

- , r ShOO ! 

• , A S '1 7 1 

- , A s ? « r. , 

, -,nsi88 

-.05296 

-.05997 

-.05592 

-.05392 

-.051531 -.05105 

LP/TXX 

WSFr 

- , 7 n P « 

1 -,7P7ab i 

-.FMaPF; 

-,7''8fP , 

1 -.77976 

-.81835 

-, 82866 

-.8119? 

-.76389 

-.69295 

-.61794 

Ll/U* 

i/«;Fr 

. 1 P»'P i 

,}Pi«A 

, 1 . App 

1 .''F396 

.01S69 

,00117 

,00203 

, 00889 

.02211 

,06761 

,09796 

I.P/IXX 

1 />;Fr 


1 -,'SSAO 

ASPPo 

i -,rs«66 

-.0629 1 

-.06732 

-.06815 

-. 06596 

-.0618^ 

-.05353, -.09509 

' '4‘1/IVV 

1 /SFC-- 

S-K 1 

,0PS«7 

1 .a,a5u; 

! .f'???8 

-.00590 

-.0 1377 

-.01329 

-.01153 

-,no9I8| 

-.00293 

-.00903 

viv/r VY 

1 /SFC-' 

, ■■ ’ ASF , 

.'I '1 7F, 

,A IASS 

-.AAA?! , 

-.00066 

- . OOOpO 

, A 0 pq A 

.00218 

,00368 

.00992 

,00632 

•J4/IVV 

1 /SFf-^ 

- , 'I it 7 

- , ^ 5 h 4 <1 

. 0'17fP 

; .MPSu; 

; .nSRS*? 

,05786 

.05529 

,05966 

.05327 

,06399 

.05105 

mOR/T YY 

1/StCP-C*- 1 

.1. ,7^ ' 

,1 APs/i 

, 1 PPht 1 

1 . 1 3PA A 

.19010 

, 15399 

, 1 6989 

. 1 7 399 

, 18278 

,16923 

.16393 

‘*OC/I YY 

i/srr?-r- ^ 

1 -.''1SPP i 

, A ' 7Q-A 

.AA7S0 j 

j .AAB^A. 

1 .A55FB 

,06018 

,06819 

.07166 

,07911 

,00375 

,06501 

♦40S/JYV 

i/sFcP-r* j 

- , 5 m 'F i 

, A .Ap,A 

- . A 1 A n A j 

' . A A 7 A At 

, A 0 A A } 

,00000 

, OAPAJ 

. AAApo 

, PPOPO 

ooono 

-.00002 

v»OB/l YV 

1/SFrp-r- 

..rtr ■ q 1 

, . A -i „ « k; 1 

-.A'AAO 

.aa 103 ■ 

, A 0 A A s 

,00005 

, A n A r. 9 

, A (1 AO 1 

, 0 0 0 .1 0 

-.00003 

-.00025 

wip/lYY 

1 J/SfC ] 

1 .'■^7> 1 

,f'St,S« 

, .A4?67i 

,03f1«' 

.03792 

,02270 

,01306 

.00808 

,01063 

,0099.5 

,01950 

'*Q/IYY 

1/srr 

-1 ,S7P'P 

.ilSA-A 

-1 .PPPPS 

i -t.ilSOH 

-1,S69«7 

-1,68183 

-1 ,7368 1 

-1 ,76988 

-1 ,80977 

-1,5795a; -1, 5909a 

MR/IYY 

J/SFC 

- , ' JP ' 

-.,a1a,^B 

-,Ptu33 

1 -.'''iPRy, 

1 .00597 

. 00P67 

,0005? 

-.ooout 

,00022 

.00201 

-.00032 


f/SfC-*' 

1 7 

( , 1 - A 7c; 

1 . A"MO 

i . ri J j 0 ; 

,00081 , 

. 0'3098 

. OApgfl 

,00087 

,00071 

,00095 

,00015 

>^V/I2Z 

1/SEC- ’ 

j7P 

R ^ ? 

•.A i?03 

,C''«33 1 

,00086 , 

-.0005(1 

-.00107 

- , A A 1 68 

002361 

-.00205 

-.00293 

\JW/T2Z 

1 /SfC-' 

P’<- 


. A"0 7'J 

,0 J06« 1 

-.00039 

-.00119 

-.00136 

-.00190 

-.00192 

-.00351 

-.00562 

MOB/122 

I/SFC2-C'' 

1 AUA 

,'117PP 

.01833 

.01721 1 

,01389 

,01107 

,00995 

.00903 

,01003 

,01259 

,01652 

>jnC/IZ7 

1 /SErP-c“ 


-.OAOBF 

. AAAP8 

.00135 

,00219 I 

,0(1217 

,00267 

,0036? 

,00939 

,00306 

,00050 

•JOS/122 

iz-sf r?-c* 

, ."?*»? 


,01360 

,C',''3'J9 

.00587 I 

i .00399 

,1)031 t 

,00299 

,0059^ 

,00910 

,00993 

MOR/IZZ 

1 /sFrp-c'^ 

, ' 7P-.H 

,.|h' AP 

, A H ;t p 5 

, A7941 

,078c,y 1 

.07755 

.07799 

.07779 

,07809 

,07009 

,06249 

MP/IZZ 

1 /SEC 

.1 7 J" 

, 0 ' ■ M F F 

, 7>'A8C 

-,r ^921 

-.01992 j 

-.01665 

-.01772 

-.02065 

-.03098 

«, 09972 

-.06599 

MO/122 

1 /SFC 

-.1 «PS 

1 u FQ7 

1 FObP 

-.1^872 

-.11192 1 

-.07923 

-.06077 

-.05316 

-.09908 

-.09796 

-.05912 

MR/IZZ 

1 /srr 

- , ’ ABPu 

- , A a A Bfl 

-.out 72 

- , A 0 1 /J 5 

-.03979 i 

'■'3912 

-.03890 

-,03997 

-.09173 

-.09500 

-.05523 

09 

C‘- 

t ,SP7^S 

.71 SfR 

..7429U 

-P.Pl 128 

-3.05239 1 

-2,1 1981 

-1 , c 1 599 

-.(16276 

,60592 

1,01690 

1,73389 

DC 

C" 

a .TQAS1 

K ,R?tP? 

1 1 .P3791 

i 0.6S1 59 

9,08028 

8.2I2J6 

8,05312 

8,972d7 

9. 3905^ 

10.90390 

13,71524 

OS 

C- 

.‘^SZpl 

,SPSS6 

,SFF nP 

.bS7u« 

, 9 9 8 y 1 

.93325 

,3«199 

.39789 

,36953 

.93002 

.53622 

OR 

C-‘ 

n « 

, A A 0 S .J 

.16 0^3 

,3' nS8 

,38281 

, 1 9639 

-.13126 

-.901 29 

-.65256 

-.95875 

-1,95900 

then 

OF f,. 

0 . »A A ,» 1 1; 

7 , 7 - h .1 A 

6.M 335 

5 , a 8 .1 9 'i 

9 ,9 7560 

3,3'’969 

1 .87956 

.35227 

, 09997 

-.60219 

-3,75758 

PHiN 


A?7«37 

-.ttl'lSR 

- . 'J S 1 S 3 

-,i‘219b 

-.32665 

-.27858 

-.27258 

-.29976 

-.35037 

-.93790 

-.59619 

* Of BTvf n uv riTT T- 

r, i r-iT 

c P'tF T-qAir.H 

- 'J F , - ? f , 

+ ?o AsO +UA yai '7FS, 
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APPENDIX E 


TABLE El.- Continued 
(f) Z = 2.54 m/sec 








Value of parameter at 

X, knots, of 





eter 

Unit 

-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/M 

l/SEC 

..nSCRO 

-,'n9?2 

-,01857 

,00129 

-,00932 

. •,0l‘^4 

-, 02498 

-,02ffTr 

. -.03565 

-.04192 

04656 

XV/H 

l/S^C 

m,C‘r(\?7 


-.09127 

-.09103 

-.00016 

.00023 

,00044 

,00058 

,00078 

,00080 

-.00107 

Xrt/M 

1/SEC 

t 1<i7R? 

.0 f2Rl 

,02894 

,03219 

.05852 

,03901 

,03377 

,92653 

,03475 

,03293 

,00993 

X0B/“ 

•VSfCP-C'- 

, n a 1 <* f» 

,"3SS3 

,01599 

,01?59 

,01251 

,01499 

,01778 

,01986 

.01776 

.01608 

,01405 

XOC/« 


, IFRF'i 

, I'jas? 

.1 1295 

.08309 

,06607 

,05503 

,03022 

.01844 

,03330 

.02739 

-.03208 

XOS/M 

-/SFC?-C'» 

- , p •> 1 

, n •' p n I 

, 9 0 9 1 

,0900? 

,00001 

.00001 

,00001 

,09000 

.00001 

,00001 

-.00000 

XOR/M 

“/sFca-c- 


^ g f p p p 

."non 1 

,9000 1 

,00001 

,00001 

,00001 

,00001 

,00001 

.00001 

-.00001 

XP/H 

M/str 

, Pi' ?.-«i 

-,ri hP? 

- , n 0 8 7 u 

, P 0 14 H 8 

,00085 

.00131 

, 99 J 4 1 

,90153 

.00101 

,00092 

,00166 

Xt3/M 

«/S^C 

,hh?ly 

,7SnXA 

.78355 

,76851 

,74145 

.70773 

,68700 

,68349 

.72175 

.76915 

,84664 

XR/M 

«/SFC 

- , rt 1 'i 7 

.rt'V37 

- , 9 28 ? 7 

-,05381 

-,03341 

-.01527 

-.00770 

-.00548 

-.00640 

-.00825 

-.01437 

VIJ/M 

1 /sec 

- , ■> f f' S 7 

- , ' 1 S i 

- , (1 1 1 p 1 ) t 

,Oh1 2? 

-,90042 

-. 00039 

.90020 

.09063 

,00075 

,00094 

,00090 

VV/« 

1 /SFC 

-,^7P?R 

-,1?^P3 

-.13179 

-.19831 

-,06418 

- , 97041 

-.08619 

1 0425 

-.12500 

-. 14289 

-.16521 

yw/M 

WSFC 

,r \e\ 

.ft"??! 


.0 930 1 

,00463 

.00301 

,00205 

,09109 

,00246 

.00376 

,00403 

Y1R/M 

-^/Sf CP-C" 

R7*i 

-.O'- 

,pp ! 5a 

, or 56 1 

,0087? 

,00691 

,00429 

,991 88 

,00033 

-.00304 

., 00703 

YOC/*-' 

«/sFf ?-r- 

'1 B B 

'J 1 

.POAH J 

,OPA61 

,00600 

,00486 

,00361 

,90341 

,00503 

,00840 

,00940 

YOS/M 

-/Sf 

, 1 SM7 

, rs9i p 

, 1 S8Mb 

, J 57 1 P 

. 1 3428 

. 1 3308 

.13245 

,13244 

, 1 3224 

.132^ 

.13824 

yna/t' 

v,/sFc<»-r-'' 


-.p^ppp 

-.POAbl 

- , fi 0 IJ s 

-,00501 

-.00724 

00959 

- , 9 1 199 

-,90991 

-,09677 

-.00421 

YP/M 

v</sFr 

A 


-,B9 1 38 

-.52953 

-.62807 

-.69246 

-.70858 

-.691 9? 

-.65927 

-.56153 

-.48319 

VO/M 

^-/SFC 

, ( t) S 'J A 

, ppang 

,P91 S? 

-.92978 

0 36 1 6 

-, 0 05 1 2 

.93155 

.96333 

, 9851 9 

. 1 16«1 

.16047 


/SFf 


-,PS7pA 

-,pSS2? 

- . P 6 OP 3 

-.06865 

-.0 7597 

-.07597 

-,97334 

-.06903 

-.06139 

-.05278 

ZU/“ 

1 /str 

.(?■ 7AIS 

, ? 1 ^''A 

. p ? n 9 7 

- . 1 6208 

-.1 3514 

-, 9 7765 

-.941 75 

-,92333 

-.99153 

,02798 

,02465 

ZV/*" 

1 /SFf 

^ -PAS 

, S7P 

, p P Q 7 S 

.01176 

,01 977 

,00650 

,00487 

,99415 

,90468 

,00467 

,00369 

ZW/M 

i /sec 

-'J 

-,?7''a-j 

-.2S9A2 

-.31506 

-.41545 

-.53448 

-.62395 

-.69155 

-,73807 

-.70234 

-.69941 

ZOB/M 

-/SFC^?-C- 

- . ■ <i t 7 A 

- , P 1 Pun 

,pp 5 7R 

, 0 ' 9q? 

.95120 

. 96299 

,06194 

.95779 

.05521 

,02373 

,03277 

ZOC/M 

-/SFCP-C* 


-,9A7oc; 

- ,9AA 1 ? 

-,97839 

-1 ,90132 

-1 ,09896 

-1 ,21692 

-1,53019 

-1 .42527 

-1,35980 

-1,36155 

ZOS/w 

^/SfC?-C- 


» , P- P P A 

-.P9P13 

- , OtiO 1 6 

-. 0901 4 

-.0901 2 

-,0091? 

-.90919 

-.00012 

-.00012 

.00016 

Znq/^- 

v/SFrz-r-- 


■ , 1 0 P P 

. p P -M 

, 0 C 9 P 2 

,09004 

,00004 

, 9Q n 0 1 

,00003 

,00096 

,00904 

-.00003 

ZP/M 

-/see 

- . r ^ t 1 

M 7/7 

.19912 

,99661 

. 1 3062 

.06073 

,05534 

.04260 

,03739 

,03500 

,01449 

ZQ/"’ 

'•/Sf c 

, 7 AA 7 J 


,12195 

-,027U7 

-.46690 

-,44 10? 

-.33294 

-.21771 

-.16119 

-.02794 

,01342 

ZP/'^ 

“'/‘5F C 


-.1 .OPR 

.15191 

.03 588 

,35849 

, 18751 

,99341 

,93225 

,00629 

.,02894 

-.12614 

LU/IXX 

1 /SFC-- 

(a 

’?PS 

- , P r. P a 8 

,09090 

-.0907 1 

-.00114 

-.90970 

-,0002b 

-.09073 

-.00031 

.00006 

LV/IXX 

1 /sec-' 

- . 1 

• , / ' rr? 

- , ' 9 n 

- , 0 ( 84R 

-.01 709 

-.9 1676 

-.91719 

-.91815 

-.01975 

-.02216 

-.02609 

LW/IXY 

t /SFf.- 

'P7A 

,P '1 7-^ 

,P 7 1 A9 

,99 314 

,00654 

.09653 

.90621 

,9(\M 1 

,00637 

,00744 

-.00227 

,00731 

L'lR/lxx 

1 /SFTP-C '' 

' t u .S 

1 - , p 1 □ 

- , P H 7 1 

-.09310 

.90259 

,90582 

.90352 

, 99268 

,00 l?2; 

-.00753 

LOC/lxx 

1 /SFCP-C" 

- • ^ J 

-,p app 

-,p '559 

- , 0 0565 

-.00358 

-.00 178 

-.00157 

-.9916! 

-.00985 

,00166 

1 ,00041 

LOS/Txx 

1 /SF c2-r^ 

, 1 A?An 

1 .lA'^OA 

, 1 A592 

,16168 

, 1 5940 

1 .15869 

.15046 

, 1 5863 

,15821 

, 15850 

1 ,16260 

LQR/IXX 

1 /sFr?-r« 

. ^ APP 

1 - , A A O q 

- , p 5 u 7 u 

-.05233 

-,05l 89 

1 -.05323 

-.05497 

-.05615 

-.05441 

-.05279 

1 -.05253 

I.B/I XX 

l/SFf 1 

- , I' i A A g 

! , 7 A A t) p 

-,7J12« 

- . 7 u 8 9 ij 

, -.82699 

-.87890 

-.89952 

-.87240 

-.02127 

-.74634 

-.66812 

LT/IXX 

i/ser i 

, 1 PSa/i 


,p9?n4 

. 0 ‘6 7o 

, -.01 288 

. -.02389 

- , n 1939 

-.01031 

,90395 

,04144 

.07813 

LR/Txx 

WSFT 1 

on - « 

1 - , lAP P B 

1 ..PA7AI1 

-,9aMu 

- , oa786 

- ,97381 

-.07507 

-.07281 

-.96821 

-.05982 

1 -.04836 

Mil/IVV 

1 /SF C-- 

. 0 A 1 

. Mo ?0 

p U U A 9 

' . f 3 1 aa 

-.09761 

-.01701 

-.91475 

-.91219 

- , 99949 

-. 09483 

, -.00474 

hv/Ivy 

1 /sec-- 


• , ' / 1 p q 

^ p P P Q .1 

, I'Ml 9 

, 9 0 0 A 1 

-. 0 0 0 97 

.00071 

,90184 

, 09 3n8 

. 00412 

1 ,00532 

M4(/IVY 

1 /SF r-- 

OAQ, \ 

-, / P ^97 

]p '955 

,00921 

, 9 A 8 g 3 

,96235, 

.95727 

.95546 

1 ,95335 

,05539 

,05014 

'-DB/Ivy ' 

1 /se c?-c- 

1 

, 1 /9AA 

. ' 2SH? 

1 . 1 2 8 9 U 

! 1 3946 

, .15490 

,16591 

, 1 7487 

,1844? 

.16914 

1 ,16449 

Mnc/lw j 

1 /sFr?»c- 


, ' ' u ?X 

.nP695 

1 ,99151 

^ ,059?3 

1 ,06615, 

,97295 

, 9737 ? 

.9721 4 

,07678 

,05845 

><DS/IYy 

1 /%f.r,?.c • 



^ p 1 p p p 

- . 0 ' 9 P 0 

, P 9 0 g g 

, 9 0 0 n n 

, P 990 1 

,99991 

,09001 

.00990 

1 -.00001 

«DR/1YY ' 

1 /SFC?-r > 

-'.'^1 - ? 

, P *' -1 P 

’ p P p ■> « 

1 .99011 

' .09910 

, 09009 1 

,00098 

,90997 

,90909 

,00908 

1 -.00019 

-P/I vv 

1 /sec 


-."S"S3 

,01003 

,nB76l 

i ,06559 

.03469 

,92152 

,01685 

,01716 

,01719 

I .01084 

MQ/I YY 

1 /SFC 

-1 . A1 9 b 

- 1 , 5 i 7 (. <1 

-1 .24855 

-' ,30224 

1 -1,60835 

-1,70716 

-1 .751 96 

-1 ,77776 

-1 .80005 

-1 ,64924 

-1,53966 

-R/IYY 

t/SFC 

- . ?''«A7 

. "''fe'jX 

^ p 1 PU« 

,91 388 

, 02728 

.01524 

,00831 

,00505 

,00514 

.00362 

-,00019 

NU/IZZ 

i/SFr-“ 

I 

- f'^S 

. POP75 

.9.1192 

,00086 

1 ,00126 

,00122 

,90105 

, 00003 

.00057 

.00026 

'iv/izz i 

1 /SFC-- 

• ^ ‘ ‘ *4 4 0 

i;: 7 9^ 

-.00191 

.09430 

,00073 

. -,P0046| 

-.09127 

-.90192 

-.00261 

-.00313 

-.00323 

NW/IZZ 1 

1/SFC-' 

,?97 

, p ' P 9 7 

, POPbO 

.09032 

-,00144 

-.00221 

1 -.09216 

-.00194 

-.00210 

-.00303 

-.00469 

NOfl/IZZ 

1 /src2-C'' 

, 1 ’ A J 

,"1 SSS 

. 1 890 

.01561 

,01162 

. 0 08 1 2 

,09609 

,00541 

,00627 

,00870 

,01256 

»<OC/IZZ 

1 /StC?-C' 


- , r M P t 

.09920 

,00128 

,00147 

,00071 

,00101 

,0020? 

,00313 

,00275 

,00122 

“<08/1 ZZ 

1 /sec?-c- 


. p ' 3 9 <J 

.P9357 

,0)596 

,00377 

,00327 

,00277 

.00248 

,00288 

,00337 

.00404 

MOP/IZZ 

l/SFC?-C“ 

, ■> 79' 7 

, PHP 1 A 

,P«01 1 

,07«>16 

,97753 

.07678 

,07635 

,07630 

,07625 

,07671 

,07963 

*<P/IZZ 

l/SEC 

."'M3 

, " ^ '4 P 3 

. , go 1 U3 

-.00977 

-.01420 

-.01 495 

-.01432 

-.01522 

-.02239 

-.03273 

-.04933 

><Q/IZZ 

1 /SEC 

« , 0 J R 

-, 1 «>9 0/j 

-,|a7i.8 

-.1 3206 

-.08467 

-.04605 

-.02534 

-,0 1 740 

-.01046 

-.01590 

-,03250 

«R/1ZZ 

l/str 

-.A 

-.M97h 

- ,p«0 7H 

-,00086 

-.03538 

-.03829 

-.03747 

-.03736 

-.03663 

04175 

-,04924 

09 

Cm 

?.3«M5 

1 ,2au?p 

-,7HU85 

-2.8260? 

-3.92155 

-2.62438 

-1 , 34666 

-.33354 

,34583 

.74352 

1,38192 

oc 

c- 

B.Z9a7i 

9,90393 

10.09561 

9,81608 

7.97326 

6,91428 

6.660 1 1 

7,02024 

7.91239 

9.46461 

12,10222 

OS 

C*' 

, S'jRO-^ 

,aA373 

.51380 

.51042 

,44898 

,37014 

.31222 

,27641 

.30279 

.37604 

,46536 

DR 

c« 

..i59F'» 

1 397P 

. 15721 

.43181 

,58454 

,29581 

,00093 

-,25995 

-.47649 

-.74060 

-1,17062 

ThE'J 

OF U, 

R.7 07e»0 

7 . 7 2 A 'J « 

A, 61 750 

5,52108 

4,57749 

3.46245 

2,08101 

,60973 

.37973 

-.36946 

-3.32911 

PHI*» 

OF.';, 

-,?7.?SP 

-, 3R 399 

-.02272 

3858p 

-.27939 

-.21527 

-.20927 

-.23465 

-.29692 

-.39304 

-.50903 

* OFPIV 

fo BY FITTT' 

r; A l«Two 

-iwrt« c 9^1 

r T^..<g ir,H 

-'40 , -20 , 

+20 AMD +4 

0 values. 
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APPENDIX E 


TABLE El.- Continued 
(g) Z = 5,08 m/sec 


Param- 

eter 






Value of parameter at 

X, knots, of 




Unit 

-40 

-20 

*0 

20 

40 

1 60 

1 

80 

- -r7?an 

100 

-.62813 

120 

■; 

140 

-.oatis' 

160 

■“ i7ott6i<r 

~TTT* 

T /'iFr 

-.’’’SX'-''. 

- . ^'^7Fs 

-.Tysis^i 


-, q 0690 


< /SFC 

1 • R 

- . M 1. 

-.702^2 

-.snPhS 

-, A.7 02B 

1 ,0002b 

.00052 

,00079 

.00127 

,00179 

,00099 


J /SFC 

^ "V ft 

, f'PFSY 

,720‘jX 

,^2906 

, A3A0(7 

,04039 

. 03631 

,0 3021 

,03931 

,03962 

.01391 


•/SFr/-c* 


, 7 1 /J .J P 

,.i 1 2 3S 

.ni?ip 

,0119a 

,01976 

,01760 

,02006 

,01810 

,01602 

1 .01365 

KOC/*' 



. » 

, M 37fl 

.swgas 

.ObbXi 

1 .05866 

,09509 

,02819 

.09989 

,09291 

. 01709 


•'/SFC7-C' 


. ' 7 ? 

, « (7 7 <i X 

, S t7 fi {^ p 

. AOO A 1 

) ,00001 

. 0 0 0 0 1 

, 0 0 0 A J 

,00001 

,00002 

1 ,00000 

xi)o/‘ 

'/.Sf C?-C" 

^ ■ 'i 

, 7 r« n 1 

, 7 77’1? 

. ^ s C ? 

. A Ano 1 

. AAOOl 

, 00 0(1 i 

,00001 

,00001 

,00001 

: ,00000 

XP/'' 

“/SPr 



-, 75n7y 

,s.- 17 99 

-.00121 

, 0 A 0 a 6 

,00087 

,00106 

,00039 

,00038 

1 ,00190 

X'5/'* 

'/sf r 

,s” X-Y 

,72«1 7 

, 7 7 'J 7 P 

. 77?9n 

, 7 5bA 5 

j ,69b7b 

,67198 

.66295 

.69795 

,79565 

! .62118 

XP/“ 

-/Sfr 

. 

, 'Sfis<; 

- , 7.>0'm 

- , 7 5 n b 

- , 092 Ab 

-,0 1996 

- , 00599 

-.00265 

-.009 15 

-.00609 

1 •,00987 


1 

'PP 

- , ' 1 X 

, T 7 1 7 

. C 7 1 « a 

-.OA) 1? 

-.01)068 

,0001 6 

,00067 

,00080 

,00086 

j ,00093 

YV/m 

t /SF C 

'Y j.,0 

1 P77o 

-, 1 2Ri7l 

-. 1 '’73b 

- , AbO A 3 

-. 06739 

- , O8399 

-.1023? 

-.12126 

-.19111 

! -.16289 

Y-V/-' 

1 /5f C 

, ■ ' ? s 


, 7r ?SH 

, n (' 3 9 A 

, AASbO 

.00261 

,00192 

,00119 

,00181 

,00287 

1 ,00332 

yOR/- 

“/SFf?-r ^ 


-. 7 ’U7 X 

,7712® 

,n 7 7Hb 

. n 1 AaP 

.00759 

.00925 

, 00 1 90 

-.00020 

00303 

. -.00729 

vnc/*' 

-/src?-c ' 

^ ^ iJ ^ 

7S,j1 

,.7nSS3 

.''f sss 

.on 56 7 

, 0 () a A 1 

,AO?J«j 

,00166 

,00319 

,00711 

1 ,00780 

YOS/M 

-/sir?-c- 

,1 

. 1 7 

.1 i«Q2 

. 1 3b9l 

.13359 

,13166 

.13067 

. 1 3007 

.12927 

,12939 

1 ,15387 

VOP/“ 

' /SF r?-r 

v?S 

- , R f 7 

- , ) 1,' ** 7 S 

-. r 

-, A05 5a 

Ofip 1 0 

-.01097 

-.01 290 

-.01197 

-.00982 

-.00790 

YP/M 

-/SFr 


-.s-s m 

- ^ Sd P 1 s 

-.57509 

-,fe9A.A3 

-,76a59 

-.78082 

-.75977 

-,70176 

-.61637 

-,53281 

YQ/H 

“/StC 

, • ^S tR 

, '7 w s X 

,p..r,s? 

-.1 i3'<b 

• , 0 5 a 0 b 

-.01 i3l 

.03221 

.06738 

,08699 

.11535 

,16056 

YR/"" 

~/sf r 

..-77.,7 


7SS 7H 

-,Sb529 

-.07325 

-. 0821 7 

-.08331 

-.08025 

-,07999 

-.06621 

-.05699 

z-i/- 

1 /«5F r 

.2^ 'i' 

. / ^ 1 r 

, 7 J *, 17 

• , 1 AOS A 

-.1 6505 

-.090 1 6 

-.09638 

-,02596 

,00029 

,02606 

,03089 

7V/'< 

l /SFC 


. 71 S7T 


.''2^17 

. 0 1 SbO 

.00702 

.00977 

,00905 

,00973 

,0051 1 

1 ,00996 

2w/H 

1 /SFf 

t <3 IS 


-,pis><i 

-./7dS9 

- , 3 A^pa 

-.51897 

-.61350 

-.68379 

73257 

«, 71766 

, -,6792! 

208/“ 

• /<,FC?-r - 


7 1JSS 


,-1947 

, AbO 1 9 

.07063 

.06779 

,06229 

,05888 

.0377? 

,09638 

Z0C/“ 

•/SFCP-C- 

-.PS7 *, 

- , ^ S *. 1, 

-.Q7S17 

-,979A;> 

-,9b7qg 

-1 .071*8 

-1 , 1 9789 

-J , 3 1 6 1 5 

-1,91889 

-1,56215 

-1,33556 

70S/-’ 

•/SPCP-r^ 

' 'S 


-, 7 7 7P X 

-.0",ft25 

- , 0 0 0 1 5 

- . 0 A 0 1 .3 

-.00019 

-, OAO 16 

-.00022 

-.00029 

-.00007 

ZOR/*' 

• /SFr^-r • 

« , ' I- 

- , ' 7 -> 1 

n -,'i 

.A, 003 

, A Annb 

, 0 0 p 0 3 

,00002 

, OOOA5 

,00006 

,00008 

,00000 

7P/" 

^/S'-C 

.1 S 

, XQ 

.P7X-5 

, 1 b 7S5 

, 1 7 1 aa 

.09233 

, 05695 

.03991 

,05999 

,03109 

.02673 

Zg/« 

-/SF r 

,H7i3*s 

, 'iPr i3i 

, 1 7.'4 4R 

-,19123 

- . S A 1 a b 

-.521 Ofl 

-.39699 

-.27523 

-.23599 

-.16598 


2R/-^ 

-/Sf c 

-,^=>!77 

-.S-S5'' 

, "«7 X« 

,7?'J3a 

, 5aafr6 

,?ap2l 

.12569 

,06870 

,05189 

.02991 

-.05976 

LJ/IX5< 

t /SfcC-- 

r^7 

- , 7 »' 2 '4 '• 

,'7''n2P 

,0^213 

- , AO 1 aa 

-,0A 166 

-.00097 

• , A A A i(4 

-,00092 

00070 

-.00026 

LV/lxx 

1 /SFC.' 



-,n 1 AX 5 

..-1757 

- , 0 1 6A 3 

-.01582 

-.01597 

0 1 685 

-,01891 

-.02073 

-.02938 

L*^/:xx 

» /5FC-“ 


.7 ,.1^ 

>7 

. 7 A 4 ? X 

. n AA75 

.00779 

,00706 

, on67<i 

,00693 

.00719 , ,00706 

tO«/I XX 

1 /<5Frp-r~ 

1 1^' i 

, -.71 5X1 ! 

- , 7 ^Hrq ^ 

, - . -7 'M 2 3 

, (A A 5 g fe 

.00617 

,00597 

,00990 

,00559 

,00008 

-.00558 

LOC/lxx 

’ /SF c?-C* 


,U?fJ 1 

7.7S 1 7 j 

-./-'bilA 

-, A0219 

, 0 on 1 5 

, AO A2A 

, 0 AO08 

,000631 

,00307 

,00114 

LIS/IXY 

'/SFFi?-C- 

. 1 hns 

. 5 1' 5S0 ; 

,)^3d9 

.1A153 

, 1 S5«3 1 

,15778; 

.15715 

. 1 5689 1 

,15605! 

.15589 

,15992 

UOR/Ixx 
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OR 

c- 

744 

-,S7 

. T61 OiJ 

,«S677 

,<77659 

.08928 

.20320 

-.00502 

-,20«C'8 

-.39199 

-.72961 

THEM 

OFO. 

«, u 7S=) 1 

7 , A A A 'J F 

6.63S£R 

b , 5 m 8 6M 

0, 7R880 

3.76925 

2,06075 

1 , 1 5990 

1 ,07865 

,91977 

-2,69098 

Phi M 

'>F G , 

1 S/-SR 


- . 3A APB 


- , 1 'J 8 6 2 

-.08178 

-.(oeibb 

-.1 1 350 

18895 

•.36365 

99997 

* nfRiv 

'F ^ my F MTI > 

,r; ft T-T.F'' 

-.4. 'f H C P- 

f r H p ;a ■ • G H 

-‘JA, -?A, 

+2n A\n +UA V4L"ES. 
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APPENDIX E 


TABLE El.- Concluded 
(i) Z = 10.16 m/sec 


param’ 

eter 

Unit 





Value of parameter at 

X, knots, of 




-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/H 

TTsec 

^.fi6263 

'■‘■-T?r7iV 

i.ooaeb. 

~ ,01200 

-.00562 

• ,0l'522 

-,02053 

•,02a49 

•”032U 

• .0S8’42 

04364 

XV/M 

1/8CC 


-,0''Sl 3 

01059 

-.00700 

,00010 

,00001 

-,00001 

,00027 

,00100 

,00235 

.00333 

X’4/*^ 

W8EC 

,076f.l 

,*'r,7S3 

-.POOUb 

,02396 

,05208 

,05212 

,00013 

,04992 

,05783 

,06509 

.04280 

XOB/** 

«/SfC?-C** 

.CJ2M 

,0 1 ir? 

.00957 

.01 132 

,00902 

,01300 

,01636 

,01807 

,01703 

,01854 

.01779 

XOC/M 

h/SECZ^C** 

. 1 1RB2 

,15608 

.12700 

.00218 

,06669 

,06030 

,05050 

.03774 

,06119 

,07796 

,01785 

tD9/*' 

‘*/SEC2*C** 

, ? 0 n n 1 

.POOPS 

.00005 

.00000 

,00001 

,00000 

,00000 

,00000 

,00002 

.00004 

,00002 

tOH/** 

'*/SEC2-C** 


, O'- A02 

.00003 

.00002 

.00030 

,00000 

,00000 

,00000 

,00001 

,00003 

.00003 

XP/« 

‘*/StC 

-,02.-'y? 

-.11682 

-.00527 

-,0165i 

-.00130 

.,00051 

-,00091 

-,00133 

-, 00142 

00128 

-.00003 

XQ/M 

m/SFC 


,61 30P 

.70003 

,79939 

,63575 

,60323 

,63330 

.62593 

,65015 

,66498 

,70631 

XR/»^ 

m/SFC 

,0325« 

, 1^286 

.01730 

-.11312 

-.01765 

,00065 

,00320 

,00274 

-,00176 

-.00322 

-.00451 

ru/M 

1/8EC 

,f'^l 73 

-,noS8i 

-.00019 

.00551 

-,00177 

-.00001 

.00033 

,00004 

.00101 

.00118 

.00130 

YV/h 

l/SFC 


-.12163 

-.1060? 

-.1 1560 

-,0073R 

-,06230 

-,08100 

-,09969 

-, 11907 

13875 

.,15958 

Vrt/H 

1/StC 

,00112 

,t'0S36 

.00932 

.00930 

,00158 

,00009 

-.00005 

-.0001 1 

,00076 

.00245 

,00439 

VpB/v 

-/SFCP-r** 

-, r 1 f'u 2 

- , nr 80 1 

.''0155 

.91108 

,00993 

,00537 

.00108 

-,00114 

-.00289 

00456 

-.00770 

YDC/h 

•*/SEC2-C« 

,on?R 

, 0 C fi « 6 

-.PCI 39 

.09010 

,tf05o5 

,00050 

-,00185 

-.00279 

-,00131 

,00375 

,00791 

YDS/** 

'"/SEC2.C ' 

. ) 5336 

, 1 5M»0 

, 1-4690 

,13755 

,13073 

,12850 

,12606 

,12460 

.12276 

. 12132 

.12470 

YOR/M 

«/SEC?-rv 


- , p 1 P 1 0 

-.09719 

-,00002 

-,00710 

-.01000 

-.01036 

-.01710 

-.01691 

-,01674 

-.01585 

VP/M 

y/SFC 


-.6531 s 

-.57260 

-.60132 

-.07236 

-,95816 

-,93079 

-.90535 

83647 

-.73768 

63279 

YQ/** 

“•/SFC 

.ftSTjT 

, PM6«^£j 

.. 06775 

-.19177 

-.03073 

.01002 

,00962 

,08575 

.10272 

.12531 

,15272 

yH/M 

m/SK 

^QQ-^O 

- , ftrt 7 ft 

-.05865 

-,95509 

-,093u7 

-.10072 

-.09937 

-.09463 

-,00776 

07634 

-.06327 

ZU/M 

l/SFC 

, it’ 2PM 

.21 6^,7 

-.01805 

-.21180 

- ,16090 

-.06629 

-,93036 

-.01330 

.01087 

,03054 

.03503 

ZV/M 

l/SFC 


,06527 

.10005 

,98775 

,09262 

00013 

,00037 

,00150 

,00342 

.00489 

.00442 

Z-Y/“ 

l/Sf-C 

-,S6S1 P 

1 '■Rl 2 

,p23« 1 

159J« 

-.61310 

-.66055 

-.69979 

-,75454 

-.76482 

-.73642) -.70289 

Z08/M 

-/5^C?-r^ 

) 1 20 

- , 0 S M 1 

.00732 

,91566 

,10700 

,08516 

,07799 

,07469 

,07151 

,03426 

.03013 

ZOC/^ 

"/SECZ-C** 

-,7S3' ? 

866 

-1 . I 0527 

-1.92939 

-.79955 

•1.02189 

•1.16092 

-1,27755 

-1.38020 

-1,43702 

-1,37438 

ZDS/M 

'•/StC2-C‘* 

« ^ rt -i rt 'WJ 

- , P "1 P 5 3 

- . pripup 

-,66003 

- , 900 68 

-.00002 

-,99903 

-,00006 

00024 

-.00045 

-.00042 

ZOR/** 

-/SFC2-C'' 

- , 1 '■l ^ 

- , 1 »' P 1 

, 6 0 ft cti 

, 0 0 tj 0 a 

,909(37 

,90990 

,00000 

,00005 

.00008 

.00004) .00007 

ZP/M 

^/SEC 

, 1 OT jS 

,71706 

,7520 1 

,06299 

,10029 

,90516 

,09950 

,03630 

,02010 

.02407 

,02291 

zo/*< 

''/Str 

-,S7*i7h 

\ , P ••» 0 0 1 

.05095 

- ,90098 

,01637 

.2060? 

.05257 

-.03104 

-.10414 

-.10410 

,07530 

ZR/** 

«/SF.C 

-,2'>R23 

- 1 , 0 7 6 1» 3 

.16611 

1 . 35996 

,26660 

,00000 

,03111 

,04755 

,00698 

,05470 

,00800 

LU/IXX 

1/SEC-- 

-.OCirs 

-.■^''529 

.00188 

.00720 

-.00202 

-.00152 

-.00105 

-.00069 

-.00127 

-,00109 

-,0005b 

LV/TXX 

1/SEC-'* 

-,01 il7 

-.01631 

-.01639 

-.91089 

-.013.30 

-,01206 

-,91263 

-.01353 

-.01480 

-.01666 

«, 02069 

L»^/IXX 

1 /SFC-'« 

1 

, PflUftP 

,00820 

.01055 

.90607 

,90699 

,90750 

,00785 

,00816 

,00924 

,00910 

U'^R/IXX 

1/SFC2-C*- 

- , 0 M M 

-,o ispe; 

-,60793 

.0 0330 1 

,00901 1 

,00650 

,00705 

,00607 

,00609 

.00387 

00130 

tOC/IXX 

l/SECP-C* 


- , 0 ''660 

-.01235 

1 -.oius! 

,0050ft 

,00000 

1 ,00307 

,00305 

,00452 

,00712 

,00672 

LOS/I XX 

l/StCP-C*- 

. ISRM 

. 1 *'*‘7? 

.16525 

,16205 

1 ,15672 I 

,1553?! 

,15007 

,15310 

,15131 

,15009 

,15279 

LOfl/lXX 

1/SEC2-C-* 

-,o^5py 

-,'1580S 

1 -.95596 

1 •, 05205 , 

-.05232 i 

-.05059! 

I -.05605 

-,05057 

-.05766 

-.05700 

05743 

LP/IXX 

l/SEC 

-1 .''2SP7 

, -,«SP22 

-.76001 

-.839891 

-1.05000 , 

-1 ,00660! 

: -1,00656 

•1,05662 

-,99569 

-.90851 

••81362 

Lfl/IXX 

; l/SFC 

,''R 567 

,18710 

, 96928 

-,95739 

-.05610 , 

06092 

-.06092 

-,05097 

-.03411 

-.00464 

,03533 

LR/IXX 

1 l/SEC 


-,P78li 

-.0561 9 

-.95232 

• ,08980 ' 

-,09796] 

1 -.09727 

-.09317 

-.00681 

-.07654 

-,06304 

MU/IVV 

1 /SFf -M 

- , ri^S'^P 

,P92Sfl 

.12110 

,07691 

-.92506 ; 

-,01620| 

-,ni 328 

01161 

-.00902 

-.00552 

-,00357 

Mv/ivy 

1 l/SFC-- 

1 

1 -.01967 

, 66il 30 

! , 92626 

1 -.00209 , 

-.00258, 

.,00998 

,00041 

,00148 

.00243 

.00340 

M A/lyy 

1 /SFC-*- 

«,01 7P3 

- , 067ft3 

,01907 

.09800 

.02500 ! 

,03330 

.93093 

,04393 

.04457 

.06055 

,05375 

HOB/ivy 

l/SFCP-C- 

.1*5515 

, 11 US 1 

,10151 

,11133 

,J09i7 i 

, 1 6936! 

,17919 

,17916 

,18834 

,18712 

,16979 

Mpr/I vr 

i/sFca-c** 

««7u7 

,P721S 

,00580 

-.06029 

,96988 1 

, 98667 

,90258 

,9018« 

,07560 

.08740 

,06614 

MI3S/IYV 

1 /SFCP-C- 


, or 06 3 

-,60 9 00 

-.96003 j 

, 009(30 

. p9orift 

,90000 

,00991 

,00001 

.00002 

,00002 

moR/I vv 

1 /SFCP-C*' 

, /' D - (J 

, i A 

,00926 

, or.6 2u 

,09996 ' 

,99991 

,90902 

,9099^ 

,00016 

.00029 

,00027 

HP/lYY 

l/SEC 

-!''3'52(' 

-.23178 

-,03056 

,IS870 1 

,00605 : 

-.00205 

,00132 

.01223 

.01217 

,01119 

.01222 

MQ/iyy 

l/SEC 

-1 ,52SH 

-1 ,72R61 

-1 ,88762 

-1.77125 

-1 ,50986 ; 

-1.55299 

-1,65301 

-1,71455 

•1,75956 

-1.75897 

, -1,61366 

MR/IYY 

l/SEC 

,''2571 

.15217 

,23723 

,21576 

,02260 

-.00272 

,00033 

,00639 

.01297 

,00926 

,00624 

*JU/IZZ 

l/SEC-'* 

.CMSl 

•,pp3oi 

-,00300 

-.091 16 

,00200 j 

,09206 

.00105 

,00160 

.00140 

,00118 

,00074 

wv/izz 

l/SEC--* 

-.00321 

-.Or-Tbl 

QU 105 

,00069 

,00016 1 

-,00097 

-,00109 

-.00263 

-.00339 

-.00597 

-.00407 

M*</1ZZ 

l/SEC-*' 

,C027'i 

.00273 

,00003 

00231 

00121 

-,09218 

-.00272 

-,00295 

■ , 00265 

.,00262 

-.00199 

NOB/IZZ 

1/SEC2-C** 

.0O1P6 

.0 121 S 

,01591 

.01271 

,00206 

.,002551 

-.00510 

-,00635 

-.00591 

-.00342 

,00075 

ndc/izz 

1/SFC2-C- 

, ooso 5 

-. 00 3 1 8 

-.00001 

,PC281 

-.00686 

00699 

-, P066S 

-,00506 

00406 

-.00093 

.00146 

NDS/IZZ 

1/SEC2-C- 

,0''3li 

,np287 

,00550 

.00593 

, 00323 

,00201 

,00161 

,00100 

,00098 

.00098 

,00127 

ndr/izz 

1/SEC2-C- 

,f'76Q2 

.06P6P 

,001 2’8 

.07902 

.07503 

,07006 

.07278 

,07180 

,07056 

,06975 

,07172 

NP/IZZ 

1/SEC 

-,'-2''35 

-.OOl'iX 

-.00292 

-.0 1209 

-,01050 

-.00070 

-,00590 

-.00338 

-.00265 

-.00357 

-.00919 

Mg/izz 

i/stc 

-.0^532 

.. 0 76^.6 

-.10510 

98396 

-.00766 

,00696 

,07017 

,08543 

,08949 

,07960 

,03968 

•JR/IZZ 

l/SEC 

.,-''5P42 

- .00 289 

-.00631 

-.04567 

-.05701 

-.03207 

-,03191 

-,03179 

-.03253 

-.03276 

-.03595 

DS 

CH 

3,b7b9» 

U.762U6 

-1 ,11595 

-6.93og2 

•0,86910 

-2,06325 

•1.76600 

-,97363 

40221 

-.09620 

.27620 

DC 

CH 

u, 163R2 

8,18526 

9.07203 

0,O''o37 

3.75176 

2,00656 

2,19566 

2,50130 

3,29269 

4,72504 

7.25064 

ns 

c** 

, 1 1 06a 

.3! 1S2 

,05187 

.00600 

,21 1 39 

.10631 

,05690 

, 0331 1 

,08150 

,17523 

.25527 

DR 

c« 

-.?b2y6 

-.91 7h? 

.20013 

1,21755 

,00982 

,03699 

,10717 

-.00509 

• , 1 2 1 76 

27258 

-.56195 

THEM 

OFG, 

P ,21 

7.6838? 

5 , 67 Jh5 

5.61525 

0,95539 

3. 95203 

2,01267 

1,56647 

1.51539 

.89702 

•2.04072 

PHIM 

OEG. 

-,('63e« 

-.3 M 97 

-.58678 

-,3')8m2 

-.05063 

-,00661 

-,01100 

-,05070 

-,15447 

-.25974 

-.41379 
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APPENDIX E 


TABLE E2.- STABILITY DERIVATIVES AND TRIMS IN U.S. CUSTOMARY UNITS 


(a) Z = -2000 ft/rain 


Param- 

eter 

Unit 





Value of parameter at 

X, knots, of 






-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/H 

1/REC 

-,OSltB 

*,09400 

*,02862 

*,01680 

*.02052 

•,02594 

-,03059 

-,05973 

y -,09199 

--69799 

• , 6^*34 


JtV/M 

l/lEC 

-•OOBIN 

*.01189 

*,00171 

^00569 

.00121 

-.00002 

-,00079 

-.00162 

-i00288 

*♦00877- 

-^00515 


XM7M 

1/SEC 


■ ,05547 

.09517 

,04082 

-05871 

,05191 

,02079 

.00780 

,00789 

,666711 

-,62732 


XDB/M 

PT/BEC2-IN 

-ISRBl 

.14192 

.12940 

,12188 

;i2502 

; I 3551 

- ,19925 

.15853 

;i2597 

^08929 

^09701 - 


XDC/H 

PT/aEC2«lN 

l.NSQBl 

1.29921 

,98852 

,72467 

,40971 

,»9371 

^03588 

-.99779 

.,89769 

-,98865 



XDB/M 

FT/atCZplN 

00110 

-,00093 

*.00068 

*.00051 

-^00017 

-;00027 

-;oooi7 

-.00006 

-;00007 

,00005 

,6667* 


XDR/H 

FT/SEC2*1N 

"•00070 

-.00059 

V. 00045 

*,00090 

*,00016 

-,0O0S7 

-.00042 

*,00052 

- ,00095 

-,60637 

",00057 - 

_ 

XP/M 

FT/8EC 

•08119 

.08770 

.01851 

-.02621 


",00064 

,00358 

,00758 

.00911 

.01015 

,61*18 


XQ/M 

FT/BEC 

2.09779 

2,81219 

2.61102 

2,56508 

2,55396 

2 ^ 51 622 

2,55310 

2-61095 

2^86081 

5^ 18720 

3 j61819 


XR/H 

FT/8tC 

",21021 

-.21555 

*,12490 

*^09060 

■^04496 

-i05976 

«;07565 

*;09520 

-,10096 

-;i22S9 

• j 1*67* 


yu/»_ 

l/BEC 

".ooaos 

*.00149 

*,00121 

.001 IB 

.00091 

jflonia 

jnnn97 

.nnft9n 

,66101 

, nnQ96 

,0605® 


yv/M 

1/4EC 

*..11988 

*.19226 

. *,1B665 

-.14196 

*i09555 

-^09955 

*,10600 

*il2218 

-;13999 

_ -;i6058 

*jlS770- 


y«/M 

1/BEC 

,00850- - 

.00992 

♦0X982. 

,00500 

,00552 

,00550 

,00527 

,nt)536 

, nn99i 

.00431 

,662^7 


yoa/M 

FT/atC2«lN 

♦00255 

.00781 

; 01505 

^02270 

^02942 

i02752 

^01852 

j00566 

-i 02891 

07855 



VDC/H 

FT/BEC2p1N 

.0B559 

.08289 

.08527 

.08601 

,0B6B7 

.08665 

,08790 

,09272 

,09698 

♦09856 

.07927 


YDS/M 

FT/BEC2-1N 

1,19595 

_ _1 , 1 9 1 0 0 

1.18584 

1,17588 

1.16770 

1,17280 

1,18709 

1.21011 

1,25566 

l^288ai 

•UX5059 


YDR/M 

FT/BEC2-1N 

P.092BM 

^ -.07297 

*..04955 

*.01025 

*.02271 

".02240 

-.02218 

*-01386 

, 02879 

,06999 

1 1 


YR/M 

FT/BEC 

•1.01152 

-.84515 

-.70521 

*,02669 

-.97650 

•1.09171 

*1,14147 

*1 ♦12891. 

*1, 04295 

.*,89879- 

•♦72210 - 


YQ/H 

FT/BEC 

-.06961 

-.04812. 

. -.01149 

.02239 

,05488 

,08596 

.16156 

,25088 

,584X6 

- ,58147 

♦8120 9 . 


YRyM 

FT/BIC 

".lOROO 

-,09305 

-.00554 

-.00471 

••10487 

-.11887 

*,12534 

*.727.38 

*,1X159 

. *.15265 

*♦15951 


lil/H 

1/SEC 

,15915 

_ ,15720 . 

.03773 

-,05601 

*,05338 

",03976 

-.02517 . 

-.02X05 

♦00185. 

,02875 

♦ 05ZS8_ 


ZV/M 

lyBEC 

-.00626 

-.00078 

.00152 

,00090 

-.00156 

*,00109 

,00022 

.00172- 

.00174 

,00206 

.00555 


ZW/M 

lyitc 

".5100a 

*,42989 

".U15T5 . 

. *.95665 

-.59196 

".til8i5 

. -.68058 . 

.,73971 

. -,71 791 

•,66139 

.,SAS79 


lok/H 

FT/SEC2-1N 

-♦10859. 

-.07809 

♦ 02510 

ll2S79 

^25119 

130079 

^32528 

;32458 

^27510 

♦18813 

-♦X9982 


IQCJJ* 

FT/8EC2-IN 

•9.04119 

•0.81882 

•B^5J1958 . 

*0.71609 

-9.25216 

*9,96946 

*l0^7i9.77 

■11.59159 

•11,44699 

■10.40171 

•i, 15291 


ZQi/H 

FT/SECZpIN 

.DOTSi- 

.00858 

_.0O5S9 

.00555 

,00528 

,00545 

,00609- 

. ,00749 

. -.00812 

,00900 

,01211- 


ZftfiyH . 

FJ/SEC2-IN 

. .OOQB2 

.00029 

-.00010 

-,00037 

-.0005 1_ 

",00075 

*.00117 

. •♦00719. 

*.00078 

*,00 1 05 

*,0 Q2Z5_ 


ifiyn 

FT/BEC 

-.16166 

-•12884 

-.01106 

♦08957 

.02415 

,01939 

,03614 

.Q6S60 

,08210 

.10083 

♦14145 


ZQ/M 

FT/BEC 

1^9828 

,50593 

,52098 

♦55656 

.02603 

-.18900 

-.05936 

.20901. 

,25632 

,30375 



^/H 

FT/BEC 

.85715 

,04197. . 

,03525. 

,-♦77589 

.-♦79ZS2 

*,73035 

-.60379 

-.69548 

*,71894 

-.72758 

*178478 


LUZiXX 

L/8EC-fI 

• ♦00057 _ 

-.00065 

-.00055 

-.00036 

-.00020 

* a 0 0000 

,00004 

♦00018 

.00012 

.00 02-4 

♦00058 


LV/IXX 

1/BEX-JTT _ 

*♦00758 - 

•♦00791 

■♦00732 

-.00711 

*.00702 

-.00712 

*.00741 

■ • 0 0 7S0 

*♦0 0059. 

*♦00975 

-*♦01190 


LH/IXX 

1/3EC-FT _j 

_ ,00041 

,00044 

♦00046 

.00051 , 

.00070 

,00067 

.OOlQl 

,00115 

.00118, 

♦D0175 

1 ,00184 


Loa/ixx . 

JV8EC2-1N 

_ -♦059.85 

01252 

. -♦03477 

^ ^02969 , 

-.02357 

•♦ 02059. 

• ♦02045 

-♦02519 

*.03197 : 

-,04800 

-♦01948 


LflC/IXX 

1/BEC2-IN 

*♦01168 

• ♦01991 

-♦01721 . 

: -.01065 , 

-.01933 , 

• .0197B . 

. *,02016 

-.02025 

.•♦OlSOiL 

-,01292 

.,61597 


LQB/IXX 

1/BEC2-IN 

.92802 

. ,42419 _ 

♦22187 

.41094 ; 

.41652 : 

♦91701. 

,42149- 

.42697 , 

.43141 , 

;43857 

♦ 45767 


woazixx 

1/SEC2-IN. 

-♦15274 

•♦14217 

-*14096 

, -♦134*9 , 

*,13194 , 

. •♦15241 

*,15595 

*.15425 

• • 12660 ; 

•♦11929 

-♦11816 


LP/IXX 

1/BEC 

-.59485 

*.54598 

-.57947 

-,5192b , 

-.54922 , 

, -.57192 

-.57709 

-♦56356 

*.52459 ; 

-.46679 

"♦X9541 


LQ/IXX 

1 /aic 

,15014 

♦14595 

.14176 

♦1316S 1 

i .10961 , 

, ,09077 

.09740 

.10394 , 

.13124 I 

.17750 

.24050 


Lftyixx 

l/8fC 

*♦01515 

-.05152 

-.02967 

-♦03047 , 

, -.03480 : 

1 -.03759 

-.05917 

-.03692 

-.03457 i 

•♦02936 

-.02151 


HO/lYY 

1/BEC-FT 

.00027 _ 

.OOlfiiL 

_ .001.31 

,000.95 . 

. -.00060 ; 

I -.00231. 

_ -*0029j_ 

-.Q029i, 

--.00236J 

-♦Q0192_ 

. -.0ft218_ 


Hy/IYV 

l/StC-FT 

.00220 

.00245 

-.00015 

-*00257 , 

[ -*00176 , 

. -.00077 , 

.00014 

.00099 

.00174 ; 

,00236 

.00302 


MM/lYY 

1/SEC-FT 

. •♦00703 

•♦00255 

.00169 

*00600 ; 

1 *01066 

.01324 1 

1 .01460 

.01571 

.01495 

.01474 

•Q1Q69 


HOB/iyy 

I/5EC2-IN 

,57256 

,56008 

.15545 

,15805 , 

1 .37046 1 

1 ,39201 1 

,41467 

.43642 

.41832 1 

,57555 

,31239 


MOC/IYV 

1/8EC2-IN 

-.05008 

,00104 

.02225 

,04478 ! 

! ,07988 1 

i ,11852 

,14663 

.16715 

,15803 

,15919 

,07691 


MQA/IYV 

1/SEC2^1N 

.00002 

• ,00000. . 

: .*,.0.0002 

- *♦00005 ; 

-.00004 ^ 

; *,00005- 

-.00008 

*.00010 

- -,00010 i 

-.00010 

".0O00I-- 


MDRyiYY 

I/BECZ^IN- - 

■♦00182 

*♦00158 . 

: *,00129 

*.00115 ! 

1 ■♦00107 i 

^ -,00107. 

. -.00121- 

-,00195. 

",00152h 

".00162 

-♦00215- 


ttPZlXY 

l/BtC _ - 

.02754 

.. ,055 80 

-,00252 

-.05077 

-,01050 1 

1 *^01Z52 

-,00516 - 

,00800 

,01519^ 

- ,02171 

- , Qg788 _ 

_ 

dtt/lYY 

1/SEX 

-1.527SB 

.1,59702 

*l*55285 

*7,59597 

*1.52040 ^ 

1*3 ,65108 

-1.7038S 

"7,75307 

■1 .65610J 

"1.96228 

"4-. 25558 


Mff/t vv 

i/SfX . 

•♦81D1Z__ 

_»,O01Zl_ . 

*♦0X958 

*,00902. 

- *,07382. 

"♦01562- 

— *,01108_ 

00608 

",00152 ! 

- ,00333 

.00951- 


J4U/1ZZ- 

l/BEt»Fr_ 

.00010 

♦00052 

.00085 

♦00 065 

,00094 

.00051 

.00025 

- ,00022 

♦00015 : 

,00005 

",00025 


MVZIZZ 

1/atCj.Ft 

00197 

- *,00555 

, *♦00110 

,00151 

♦00093 

,00010 

-,00008- 

"♦00027 

"♦000X7 < 

-,00097 . 

*♦000X9— 


jnunz 

l/SEC-FT 

.00045 

,00059 

.00035 

♦00059 

♦00037 

,00020 

-.00002 

-.,000X7 

-,00115 

-,00254 

"♦00989 


Noa/Lzz 

1/SEC2-IN 

--_,J18188 

.. ,08515 

,06615 

. ,06960 

,08055 

,05815 

,05767 

,05942. 

.08X20 , 

,07025 . 

_ .08485 


MOC/IZZ 

1/BEC2.IN 

".00419 

*,00110. 

, ,00 J 91 

.00518 

. .,00902 

- ,01239 

,01474 

♦01592 . 

♦01075 

",ilO508 . 

-.03196 . 


NQ$/!ZZ 

1/BFC2-IN 

-.00701 

,00822 

.QQ091 

.01078 

,01119 

,01125- 

- , B1 1 17 

-,01210 

,01482 1 

,01765 

,fL2i_*n 


doa/izz 

1/BEC2-XN 

,a006T 

♦20917 

- I 2 O 8 I 2 

♦20627 . 

.20556 

* ,20898- 

_ ,20895 

. .24X0X. 

.21797 

U238S 

- ^25849- 


HP/lll 

i/B£X 

_ ,05790 _ 

- ^02599 

,00794 

-.01049 

*♦02254 

*,03137 

-♦04039. 

-.05X00 . 

-.07687 

-.10728 . 

*,49990_ 


Mfl/IZZ- 

i/ait_ 

. *.♦21915 

*♦25221 

*♦25718 

-.23296 

*♦21888 

-.20645 

-. -19812 . 

-.19989. 

, ",17709. 

-.1619X 

_ *,45855 

_ 

Ni/zrz 

i/BEC- 

*♦09522.. 

*♦09255 

*,09551 

*.09.660 . 

-♦04758 

-.04848 

-.05025. 

-.05559 

.",05989 , 

",08985 

-,68899 


J38 . . 

IH . _ _ 

*♦12925 

..*♦18525 

-,29597 

-.54125 

*,55786 . 

-,18502. 

,09.959 

- ,90521 

. 685Z5 

— ♦91708 

- 1,X9598- 


OC 

IW 

-5.58989 

5.22555 - 

. 5,82055 

5.760U6 

- 5,4651 1 

5*33555 

8 . aowno 

_ 9,977*1 

- 8,11301 

_-8—87807_ 

8 , 20319 


08. 

Ui _ - _ _ 

.10171 

-.32569 

,52868 

- ,32059 

- ^30147 

,28800 

. .26919 _ 

.25750 

,28971 

.50279 

_ ♦58296 


DR 

IN. _ . 

♦29519 _ 

- ,18555 

. ,07951 - 

*,01511 

*,00752 - 

*,U775_ 

-.31270 

. -.95927 , 

"♦85590 

"♦85990 

-4,21469 


1H£R 

iO£(V - 

9,91950 - 

5^-92728 

, 6,81992 

5,50248 

9^02S18 

2,59778 1 

_ ,91870- 

*♦87558 j 

"U53O50 , 

"2^90888 

"8,47524 


RHIN . 


*♦55898 

*♦59999 - 

u *,58590 

*,57188 

*.54815 

-.52589 

*♦51905 

- -.55071 1 

*♦58999 , 

",82282 

*♦70925 

- 
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APPENDIX E 


TABLE E2.- Continued 
(b) Z = -1500 ft/min 


Param- 

eter 

Unit 





Value of pai 

'ameter at 

X, knots, 0 





-40 

-20 

*0 

20 

40 

60 

80 

~~W,O~2920 

-,00084 

*02340 

*14070 

,09215 

100 

. .,81129 
-,00128 
*81150 
*15949 
-*L6849 

120 

. -.01977 
_ -.08216 
*01419 
. *11405- 
\ 750R 

140 

-,046X2- 
-,00179 
.0031X 
*80658- 
._-* 38286- 

160 

-*85281 
-*08591 
-*01981 
,08457 
- ,44UftT 

XU/M 
JO//M . 
XH/*i 
XPH/H 

lyiEC- - 

izatc 

xysEC 

F.I/-aitZ-Ihi _ 
FT/firr?«TN 

«*0S011 

**QQU5. 

,07101 

1 fSRTTl 

•,00187 
-*0.0 711 
,05141 
. ,11910 

.-*02888 
-.00218 
.04211 
, 12584 
,97320 

. -*01155 
*40340 
*0392i 
*11997 
,71980 

-*01010 
_ *80080 . 

. . *81804 
*12108 . 
.51999 

. -*02447 
-.00015 
,03340 
*11325 


FT/AtCZ-I^ 

9,00091 

-*00080 

-.00040 

-*00014. 

-*00024. 

.-*08818 

■*80013 

-,00887 

. _-*08011 

-*0 8884 

*00044 

jmfl/M 

FT/«fX2-lN- 

i*00(li4 

« *0 00.00 

-*00011 

-*80026 

- -*08021 

. ■*88821 

. **88028 

. -*00014 

. ■*00035 

■ ,88827 

-*08018 

-Xf/t 

FTZlEt. . 

,08069 . 

*08505 

*Q1919_ 

. **02051 

- -*00489. 

.ooall. 

. *00113 

*00621 

-- *00792 

*80080 

*0X372 

XQ/M 

FTyatc 

Z*.4i706 

2*59111 

2*64284 

-2,54619 

. 2*50896_ 

2*47299 

2,47248 

2*53181 

2*69970 

3,04023 

3*41859 

XR/_M 

FT/a£C . . 

-^2151 

-,211.95 

-,11195 ^ 

. 1*41805 

•*02481 

-*04254 

-,D5814_ 

-,07309 

07606 

■*09851 

»* 1 5847 


1 /SEC 

_ -,flQ t 89 

-*.10071 

.,fln?85 

-*17212. 

JU.48007L.- 

-.18902 

_8QL4.fl 

,00032 

^ *00024- 

,00040 

, 00079 

,00101 

__*88oaz_ 

. _* 80886- 

yv/M . 

xysEC. - . 

-,13168 _ 

^08753- 

-.88844 

1 0063 

^ •* 117.41 

-*13538 

•,15579 

-*U119 

JfH/M 

1/5EC . _ 

.♦DO10D 

. *00379 

*8 4 441 

_ *44440 

*00478 

- *80487 

. *08457 

. *88484 

_ *00504 

. ,08171. 

*00311 

YOByH 

FI/a.ECZ.^V 

-,00870 , 

*DQ2iO 

,01015 

. _, 02819 

- .*01577 

*83390 

. . *02410 

*80909 

-.01174 

■,06311 

-*12291 

YDCy« - 

FJr/SEC2gJ-N 

J17819 

*07713 

,07079 

. ,07965 

. *07019.1 *07849 

*87838 

,00 027 

*09035 

. ,00120 

*07999 

.Y0S/>< 

FT/a£C2^M 

l.,10206. . 

1,10133 

.1*17518 . 

1*16595 

. 1*15520 

UX5787. 

. 1*16067 

1,10711 

1,20578 

1,214.45 i 1,30012. 

-Yoayi^- 

|FT/9EC2-IH 

-.09078 

07337 

-*Q5aiL 

..-*012X8. 

■ ,02712. g_«,Q3n21_ 

-*8336iL_ 

_-*029Ui_ 

*08828 

. . *84413-^. . 00679,1 

Yp/M , 

f T/SiC. 

-lUi2i8_ 

-1*09160 

•*.91X75 _ 

-X* 02367 

.-1*19941_ 

*01291 

•,12058 

,.-1*3284 5 

-1*17600 

■ 1*15.442 

•1,25516 

■1,09889 

-*98315 

YQ/H 

FTyBEC.. 

-*03168 

-.02200 

-*.0 0802 

*.00608 

_ *08414 

*14147 . 

. *22009 

,32021 

,53582. 

*77059 

YB/M 

FTyaEG 

-*11085 

-,11091 

*,10428 

-,10820 

^*1431X 

-* 14051 

• a4B45 

-*14790 

■•14410 

-*14333 

ZU/»1 

1/SEC 

,18 121 

.15090 

,03489 

-,07900 

-,08464 

-*0407b 

-*02741 

-*02259 

•,00052 

*03022 

,01006 

ZVVM 

1/SEC 

-,00716 

-.00191 

,00069 

,00059 

-.00144 

-.00031 

•OQIQO 

,00172 

,00175 

,00240 

.00256 

l*i/H 

1/SFC 

-,<10708 

-,00112. 

-,30867 

-*43138 

-,52093 

-*88088 

. ■*86484-. 

. -*72574 

.. -*72914-. 

_ .-*85892 

_ » J ft ^ #3 7 ^ 1 

ZDB/M 

FT/SECZ-I^' 

-,20929 

-.*00395 

*02843 

*11573 

_ *25765 

*33436 |. .*15886 

,15174 

*24441 

*21211 .1 ,22411 

■10,25209 [■9,05052 

ZDcyp 

FT/aEC2-lN 

-0,90508 

-0*07970 

-0*37162 

•8*57517 

-9*08549 

.-9,04151 h18*65S1S 

,1 1,46771 

-U*86779 

zo5y« 

FT/EIX2-IN 

. ,00588. 

*00079 

,00018. 

L ,00369 

,00310 . 

.*88142 

_ *00100 

*80490 

*00563 

. ,08812 \ *80985 

ZOR/M 

FT/S£C2-I^t 

,00079 

*05029 

-,Q4Q.X0 

^ -*50028 

-.00035 

-*00041 

. -*0DQ6l 

-*00065 

-,00011 

-*00000 

^ B. 00117 

ZP/M 

FT/EE (L. .. 

-*25195 

•*11110. 

• *43379 

*05095 ^ 

-,02804 

»*823Q3_ 

*04117 

*04047 

*08042 

*07969 

H *10603- 

ZR/H 

FT/SEC 

1 ,P05S6 

,50310. 

,50391 

. *52564. 

-*X908.1_^ 

^,41239 

-,25456 

_. .*0381ft„ 

*73722 

. .16933 

,45219 . 

FTySEC 

. ,918^16 

n ^9 2010 

,52624 

•.86611 

-.67J29 

-,75678 

•*66760 

-.64646 

. -*66472 

-*84221 

-, 72414 

J.U/DU 

1/aEJl-EI 

-*00051 

-.05081 

-*.0 5049 

-*05010 

. -*00017 

. -.80010 

. ,00801 

,00013 

,00006 

*00016 

. ,00015 

tyyixx 

lySEC^T _ 

-,00890 

-*00751 

, -*00696 

-*00660 

•*00663 

.-,00669 . 

-.00694 

-.00736 

•*00799 

-*00904 

-.81006 


I/SECfFT- .. 

*00550 : 

*05008 

*.05091 . 

*00058 . 

*08060 

*00899 

.. *001X2 

.,0 0123 i 

. *00161 

,00X89 

,00210 

LOB/UfX 

.tZSEEZ-LN - 

- , oa 1 7 . J 

-.05620 

-.03173 

-*02526 . 

. -,Q1769„ 

•*0X420 

•* 8 X 394 

. -,01617 

. -.02269 

-.03916 

-*06119 

LOC/IXX 


-fOlOPl . 

. -*01118 _ 

. -*J)X816._ 

--*.01149_ 

-.01766 

^•*4X759 

_ -*01773 

.__-*01792_ 

_ -*014.62 

. -.01252 

-*QX203_- 

JJ)4/IXX 

I/SICZ-XN 

,92101 

*02195 

. *41950 . 

_ . ,4X694. j 

. ,4X153 I _*4143t 

.,41720 

. ,42176 

,42506 

,43009 

*44000 

-LDR/IXX 

1/8EJL2-IN .. 

..-,150011 ' 

*10626 

-.13905 

-a3416 1 

-*Xil74 

-,11201 

-,13469 

-,13570 

-.12066 

-.12197 

•*11913 

LP/IXX 

1/EEC 

«*.696J2 

-*59320 

•*56592 

. -.56668 j 

I -.80879 _ 

_ -.63365 

-*84013 

-,62600 

-*50530 

-.52587 

-.45372 

jjiyixx 

1/SEC 

*19218 

*13625 

,12910 

! ,11315 

*087X5 

.07420 

*07201 

,07753 

,09734 

,14660 

•20010 

LRyiXX 

J/SEC 

. -.09261 

•*53797 

-.03559 

«, 03646 ! 

-,09150 

_ -.04487 

-,04553 

-,04410 

-,04UQ 

-, 03545 

02700 

HU/IYY 

1/SEC-FT _■ 

,00002 . 

,00203 . 

. .*45255 

L ,00190 ; 

_-*8QQ16 ; -,00253. 

-,QQ3X1 . 

_ -*.00304 

--*00206- 

.. -.00170 

-*08X50 

HV/IYY 

:i/SEE-PT 

*00200 

*50216 

-.00006 

. -.00211 ; 

-,00141 

•.Q0Q58 

,00019 

*00091 

.00165 

,00204 . 

.00267 

HivyiYY _ 

l/SEC-FT 

-*00028 

-.00303 

,00174 

,00659 , 

,01104 

,01413 

,01510 

,01593 

.01739 

.01396 

.01407 

»«OB/IYY 

1/8EC2-I^ 1 

,58051 

,35061 

,39973 

,353b! 

,36630 

,39071 

.41464 

,43722 

,43615 

. .37214 

.34660 

HOC/IYV 

1/SEC2-I^J 1 

-,03178 

,00260 

,02162 

,09220 j 

,00124 

,12407 

,15151 

, 16993 

, 1 7649 

,14017 

,10979 

H05ylYY. 

iyStC2*XN * 

*00051 - 

■ , onnon . 

-,00001 _ 

- -.*88002 1 

-,08003 

-* 00001 . 

-*80005 

. -*00087 

-*00010 

■*00806 

-.00011 

MORyXYY 

1/SEC2.IH 

-*00119 

-*0.0101 

-*00408 . 

-,08077 ! 

-,08887 

-*88068 

-,88 876 

. -,00896 

. -.80107 

-,08118 

-,00178 

MRyjYY 

i/SEC 

*038A1 

. *00198 

■*00200 

-,04582. 

-*03778 

-*82255 

. -*08915 

_ *08284. 

-. ,81X00 

*81728 

.*82440 

HflyiY-Y 

1/8EX 

-.1 *52582 

-1,3851? 

-1*11090 

-1*38204 

-1 , 51 701 

-1,83813-. 

-1*70185 

-1*7SS47_ 

- 1 , 740X 7 - 

-1*45782 

-1*12729 

MO/ T YV 

MU/XZZ 

1/9EC 


...-*08228— 

.. ■,00135 .. 
*00062 

-*01825 . 

..-*81880 

. -*82818 - 

-,01519 

—.-,00081- 

.-*80 181. 

__*08X2X- 

_ -*88744 

1/SEX--FT 

- ,00023 

*00007 

,00081 

,00819 

,00027 

*00021 

*00021 

,00016 

,08805 

■*00015 

iivyizz 

l/SEC-^T 

-*00100 

.-*00120 

-*00094 

. *00144 

,08819 

*08008- 

-,88014 

-,08829 

-,08046 

■*08859 

■ *00053 

hajizz 

lyAECaFT 

*0 011112. 

. *08010 

*0 0012-- 

_ ..*00017 

*00611 . 

*80018 . 

-*08804 

-,00828 

-.00006 

-*802X8. 

-.80378 

Hn&jiiz. 

t/aEC2«!N - 

. *05888 

*05921 

. *06058 

. .*05878 

*8537.8 

.05051 

,04924 

,85029 

.05402 

,05498 

*0.7X94 

Mocyizz 

i»m<y y 77 

L/aixz-ZM 

. -*00087 . 

00108 

*00150 

. *00479 . 

L *88851 

*0X181 

*81194 

-,01586 . 

,01243 

-.8824X 

-,82X21 



,QQ811_ 

,0090-9- 

*aiaS 8 _ 

. 0 1 QHI 

- ,01083 

*81844 . 

_ ,01094- 

.-*8X333- 

_ ,01600 

-- , 0102 * 

iuiRyizz 

L/SECZtTN 

. *2028 IL 

,20751. 

. *20881. 

.28S19L 

*20318 

*20301 

. ,28567 

,20098 

,21247 

*2X778 

*23889 

HR/IZX 

lySEC- - . 

_ *01088 

,02150 . 

[ ,00500 

_ -*81882 

-*82847 

-*02X04 

-,05181 

.-*04189 

-.06487 

-*88908 

--*.12850 

?1G/IZZ 

■1/&EC 

. -*19051 

. -*20015 

• *2X414 

-,28859 

-*19118 

. -,17488 

■ ,16413 

-,15910 

-,14698. 

■*132XX 

-*13511 - 

m/xzz 

1 /aEc. _ 

. -*011228. . 

■*00128 

■*04412 

. -*84511 

_ m*04518 

-*84501_ 

. -*04896 

-*8493.9 

.-,05442 

-*06249_ 

-*07875 

DB 

n<* 

IN . - 

LN. 

IN _ . _ - - 

. -*0 0.909 . 

F . 0 

. -.89071 

5,00081 

^91« 

. -*25640 
5,000 ^8 
.29911 

. -*41170 
. .5*11884.. 
. ,29198 

•*58978 

,97 ^ A9 

-*32uxa 

__4*xa998 

.-*022X1 
. _4*04.851 - 
-*21745 

. *29959 
. .5.08388 

,55306 

5,49268 

*23112 

*7.0051 
- 8*2X454— 

1,18307 

7*45641 

HC-. - — - 
Jll 

.. *26790 

*27148 - 

. ’25314. 

. ,22513 

.26404 

*12750 

DR 

XN . . 

-- ,10005 

-*U921 

*07111 

*01381 

-*83586 

-*12515. 

.-*24009 

-,17141 

-.52854 

-*71914 

-1 *02489 

THEN 

DEG^ . 

9*28011 . 

1*92016 

8*81520 

5*34988 

4*14412 

2*70578 

. l,X78ia 

-,53910 

-.92517 

■ 1 , 98981 

-5*45890 . 

PHXH 

DEC* - 

^ -*08701 

-*5XB18 

■*51098 . 

_ *,51585 

. .-*4941U 

.,48428 

-,45099 

-*47181. 

-*51179 

-*57828 

_ -*88222 
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APPENDIX E 


TABLE E2.- Continued 
(c) Z = -1000 ft/min 


Param- 

eter 






Value of parameter at 

X, knots, of 





Unit 

-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/M 

l7S£i. 

-,09972 

-,09402 

-.02511 

•.Q1Q09 

■.01604 

•.0230 7 

«• 02606 

-.03200 

, 03851 

-.oasoi 

-.05093 

XV/*t 

l/SEC 

.OOODL 

-.00391 

-.00149 

.00175 

.00026 

-.00011 

-.00037 

-.00078 

-.00138 

•.00267 

-.00576 

XW/M 

1/8EC 

,06619. 

.09729 

.03904 

.03769 

.03889 

.03464 

.02603 

.01535 

.02025 

.010E5 

•.01399 

XDB/M 

FT/5EC2-1N 

,16UJ 

,13727 

.12217 

.11608 

.11705 

.13105 

.14895 

.16062 

.19331 

.09211 

.06900 


FT/lECZ-llL 

1 ,ESa7a 

■,1,2.46,91 

_.,95AliL 

.Z13Q2 . 

.530 0l9 

,36il9iL 

..iaft5a. 

-■.0685^ 

-m.flSOjBa 



XDS/h 

FT/StC2-lN. 

-,00062. 

-.00044 

-.0Q03Q 

•.00019 

■.QQ013 

-,00009 

-.00008 

-.00006 

-.00009 

-.00087 

.00021 

XDR/M 

RT/SEC2-IN 

-,0Q(Li6 

-.00027 

-.00019 

-.00019 

•.OOOLQ 

-,00011 

• ,00019 

-.00020 

-.00021 

-.00018 

■ >.00026 

XR/M 

FT/SLC 

,07672 

.06776 

.02172 

-.01601 

-.00205 

.00096 

.00235 

.-00965 

.00651 

,00796 

,01105 

XQ/M 

FT/SCC 

2,39965 

2,57095 

2.59666 

2.53239 

2.48928 

2.93266 

2.94969 

2.95538 

2.60669 

2.93399 

3,28950 

XR/*1 

FT/3EC 

-,22192 

-.21239 

-,09956 

.00503 

-.00983 

-.03151 

-.04247 

-.05503 

•.05729 

07393 

■ •12226 

YU/H . . 

l/JLC.. 

-,Q0U9_ . 

-.011208 

-.00060 

,00050 

, .00024 

...QQQ13 

.00039 

*00071 

, 00099 ■ 

. 0 Q 0A9 . 

^.QJ171 

YV/W 

1/&EC 

-.09932 

-.16579 

-.15610 

-.12390 

-.06054 

-.08301 

-.09629 

11328 

13193 

..15165 

-.17610 

yiij/M 

1/3EC 

,00329 

,00320 

.00396 

.00391 

.00434 

.00412 

.00391 

.00395 

.00963 

.00338 

,00238 

YOB/M 

FT/SECZ-IN 

-,QLb60 

-.00370 

.01329 

.03014 

.04281 

.09004 

,02892 

,01435 

-.00388 

-.05315 

-.10396 

YDC/M 

FT/SEC2-I^ 

,06701 

.07199 

.07369 

,07355 

.06990 

,06667 

,06990 

,06780 

,08390 

,07931 

,07018 

YOS/M 

FT/SECZ-I'v' 

1, 17129 

1.17331 

1.16619 

1,15770 

1.19427 

1.19416 

1,15126 

1.16540 

1 .17803 

1,20148 

1,26714 

YDH/H 

FT/SEE2-LK 

-*Q11B22 

.,-,Jl?3B6 

-.05181 

-.03383 

-.03128 

-.03793 

•■•04536 

-.04462 

-.01369 

.01970 

,05677 

Vp/M 

FT/StC 

-U952P3 

-1.23353 

-1.15920 

-1.21632 

-1,42169 

-1,56230 

-1.61167 

-1.58215 

•1,46677 

-1.28139 

•1.07961 

YQ/M 

FT/SEC 

-,00060 

.00269 

-.00237 

-.00906 

-,01072 

,09549 

.12598 

,21334 

,30927 

.49772 

,69216 

YR/N 

FT/SEC 

-,lb691 

-.13697 

-.12939 

-.12737 

-.15294 

-.16880 

-.17261 

-.16979 

16560 

-.15595 

■ • 15069 

ZU/M 

l/SEC 

,16925 

.16580 

,03196 

-.09572 

-.07749 

-.04769 

*, 03020 

-.0224 1 

-,00280 

,03274 

,02714 

ZV/M 

1/SEC 

-.00722 

-.00162 

,00072 

,00092 

-.00032 

,00107 

, 0020b 

,00242 

,00244 

,00261 

.00964 

ZiY/*! 

1/S£C 

-^963J5 

-.J7131 

-.36761 

-.40530 

■.49832 

-.58973 

• ,65759 

-.71686 

-.79411 

-,64564 

-.69701 

ZOB/M 

FT/SEC2-I'- 

FT/SEC2-1N 

-,23793 

-.09152 

,02779 

,19579 

,28857 

,37286 

,39135 

.38110 

.25913 

,22713 

.36045 

ZDC/M 

-8.76072 

-0,39099 

-6.29929 

-8,99039 

-8.92918 

-9,69911 

- 1 0 .54966 

*11,38530 

•11.66153 

-10.22149 

■10,13961 

ZDS/M 

FT/SEC2-1N 

.00397 

,00319 

,00253 

.00205 

,00170 

,00165 

,00196 

,00207 

.00325 

,00365 

.00801 

Z3H/M 

FT/SEC2-IN 

.00066 

,00019 

-.00009 

-.00022 

-.00041 

-.00037 

-.00029 

-. 00030 

-. 000 1 1 

-.00076 

-.00233 

ZP/M 

FT/SEC 

-,J9012 

-.23092 

-,06929 

.02006 

-.08559 

-.06676 

-.02233 

.01553 

,03630 

,05994 

.11057 

Zf?/H 

FT/SEC 

1.52623 

.52019 

,98908 

.97277 

-.95790 

-^65493 

-.45558 

-.15244 

.46969 

.03408 

-.63600 

ZR/M 

FT/sec 

l,002na 

1,01959 

.09060 

-,90409 

-,06355 

-.63779 

-.60535 

60597 

•,60021 

-.56505 

-.69960 

LU/IXX 

l/SEC-FT 

-.00098 

-.00059 

-.00099 

-.00022 

-.00019 

-.00012 

-.00003 

.00000 

.OOOM 

,00010 

.00020 

LV/IXX 

l/SfcC-FT 

, -.00697 1 

1 -.00665 

1 -, 00669 

1 -.00649 

-.00626 

*, 00627 

-.00648 

-, 00606 ' 

j -.00749 ' 

-.00636 

-.00995 

LW/IXX 

1/8EC-FT 

1 ,00066 

,00096 

,00097 1 

! .00060 

.00095 

,0f'll6 

1 ,00127 

.00135 

[ ,00170 

.00172 : 

.00169 

LOB/IXX 

l/5EC2-I^ 

-.03692 , 

1 -.03961 

-.02893 i 

-.02102 

1 -.01190 , 

-.00614 

, -.00774 ; 

-.00964 I 

1 -.01429, 

-.03073 : 

-.04930 

LOC/IXX j 

1/SEC2-IN 1 -,a089J 
1/5EC2-IN , ,91997 

1 -,.01275 J 

[ -.01623 1 

-.01650 

; -. 01585 , 

-.0150& 

, -.01491 

-■*01497 j 

9.01002 . 

01017 i 

i -*01227 

LOS/IXX 

,91992 

.91776 

,91993 1 

.41089 1 

,41112 

.41322 

,41670 

.41901 : 

,42347 , 

,43874 

LDR/IXX 

1/3FC2-I^ 

-.19907 

, -,1«j559 

-.13939 

, -.1J3TI ; 

I -.13162 

-.13330 I 

1 -.15596 1 

-.13729 ' 

-.15090 ‘ 

-.12480 

: -.12241 

LP/IXX 

l/SEC 

-.69765 

, -.63995 

-.61096 

: -.61795 

-.66929 

-.69571 : 

, -.70323 

-.68040 

-.64553 

-.58229 

. -.50997 j 

LQ/IXX 

l/SEC 

,15620 

, .13190 

,11838 

.09606 

.06960 

,04995 ■ 

.09770 

,05206 

.07124 

,12200 

,16163 

LR/IXX 

WSEC 

-.05003 

1 -,fl^J922 

-.09119 

-.04217 

-,098«4 

-.05242 

-. 0530 1 

-.05123 

1 -.04777 

-.04132 

-.03326 ' 

»^'J/IYY 

1/SEC-FI 

.OOliJ 

,00310 

1 ,00910 

,00311 

-.00027 , 

, -.00289 , 

, -.00335 

, -.00117 

, -.00218 

-.00166 , 

-.00221 1 

MV/I YY 

l/SEC-FT 

,00175 

.001 75 

.00001 

, -.00165 

-,00104 

-,nno37 

.00024 

.00005 

.00144 

.00175 

,00247 j 


l/StC-FT 

-.00987 

-.00366 

I ,00189 

.00729 

.01337 

.01517 

,01569 

.01617 

, .01770 

,01300 

.01119 1 

mob/Iyy 

1 /sec2-i^ 

,56«6? 

, 39928 

; ,39363 

,39790 

.36291 

, 390^0 

,41550 

, 43855 

.45150 

.37501 

.36161 1 

HDC/I YY 

l/SEC2-I^ 

-.03381 

.00657 

1 .02092 

.03016 

,08318 

.13137 , 

.15750 

, 1 75 3? 

,19352 

,13769 

,09961 ! 

ND8/I YY 

1/SEC2-1N 

.00001 

-.90000 , 

‘ -. 0,00 01 

, -.00001 , 

, •, 00002 

-.00001 , 

-. 000 02 

• . 000 04 

-.00006 

-, 00004 

-.ooool 1 

MOR/IYY 

1/3EC2-IN 

-.00079 

-.00067 

-.00065 

•,00099 

-,00035 

-,00033 ; 

, -.00039 

- ,00059 

, -.00065 

00073 

-.00199 ; 

HP/lYY 

l/SEC 

,09726 

.05177 

, -.00231 

, -,06989 

•,04588 

. -.02779 

, 01296 

• , 00 160 

( ,00717 

,01310 

,02291 

bo/iyy 

l/SEC 

-1,53293 

-1 , 33799 

1-1 ,27220 

i-1, 33996 

,-1,52399 

-1.64610 

: •1.71962 

•1.75868 

. -1,79931 

-1 ,45389 

•1.91351 

MRZIYY 

l/SEC 

-,01893 

-.00283 

•.00456 

. >,01302 , 

1 -.01750 

. -.01806 , 

i -^01523 

•,01126 

1 -.ooais 

-, 00077 

-.00163 

NU/I2Z 

l/SEC-FT 

,00015 

.00091 

,00057 

,00056 ; 

1 ,00033 , 

,00025 i 

i .00023 

.00021 

,00017 

.00006 

j 00010 

MV/12Z 

l/SEC-FT 

-.00166 

-.00292 

-.00061 

,00139 1 

1 .00034 , 

, .00001 1 

1 •, 00020 

-.00036 

00055 

-.00069 

j >.00068 

N*(/I2Z 

1/StC-FT 

.00092 

.00027 

,00029 

.00034 

1 .00025 

1 .00005 

1 -.00011 

••00026 

-.00067 

■.00163 

; >,00310 

NOB/IZZ 

l/SEC2«l'^ 

.09797 

.05365 

,05599 

1 ,05332 

.09727 

.04299 , 

1 ,04065 

,09119 

,04973 

,04994 

j .06066 

NOC/IZZ 

1/3EC2-IN 

-.00992 

-.00173 

.00127 

.00934 

,00775 

,01029 

1 ,01239 

,01436 

,01360 

,00023 

1 -.01922 

NOa/JZZ 

l/SEC£iIN 

,00706 

.00801 

,00936 

.01040 

. ,01045 , 

1 .01003 , 

.00962 

,00976 

.01109 

.01915 

, ,01704 

NOR/IZ2 

1/SEC2-1N 

,20565 

.20613 

,20542 

,20376 

.20193 

I .20136 

,20259 

.20502 

.20762 

,21185 

,22357 

NP/122 

i/stc 

.02329 

,01752 

,00351 

-.01103 

01831 

[ -.02288 

• •02765 

-,03532 

05220 

-,07397 

>,10472 

NQ/IZZ 

l/SEC 

-.16279 

• . 18593 

•,19391 

*,18670 

••16926 1 

-.19334 

12999 

12401 

11296 

..10165 

>.10566 

NR/IZZ 

l/SEC 

•.09191 

•,09299 

•,04395 

•.09363 

-.09318 ! 

-.09306 

-.04377 

• .09566 

-.09979 

05676 

>,06966 

DB 

IN 

.11903 

,00195 

-, 26730 

-,59664 

-.69976 

-.97876 

-.19907 

, 19205 

,99985 

.69930 

.99281 

DC 

IN 

9,Jiia93 

4.99785 

5.102J2 

9.93303 

9.99221 1 

9.27130 - 

9.27929 

9,99993 I 

9,88998 , 

5,56785 

6,79029 

OS 

IN 

.23901 

.26197 

,27159 

.26535 

1 ,29373 

.22903 

,20728 

.19975 

.20091 

,22992 

,28157 

OR 

IN 

,11189 

.09206 

.06837 

.09346 

.01995 

■ . 06339 

-.17239 1 

-.29914 j 

•.92799 

59110 

>.85632 

THEN 

DEG. 

9,10901 

7.66562 

6.61257 

5.39523 

' 9.25899 

2.96632 

1,42181 

•.22319 j 

•.55312 

•1,95296 

-9,81367 

PHIN 

0£G» 

-.93595 

•.46766 

•.51126 

49798 

•.93906 

-.90330 

■.39769 

• .91928 

•,95802 

-.52990 , 

>.62193 
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APPENDIX E 


TABLE E2.- Continued 
(d) Z = -500 ft/min 


Value of parameter at X, knots, of 


eter 

Unit 

-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/^^ 

i/SLC 


-,04431 

-.02325 

-.00641 

-.01367 

•,02174 

-•02695 

-.03084 

. -.03724 

■,04364 

••048S1 

XV/M 

1/SfcC 

,000^6 

-, 00164 

-, 00097 

,00053 

,00008 

,00001 

*,00006 

•,00027 

■ , 0 0 062 

•.00137 

••00421 

XW/M 

1/SEC 

,0607a 

,04284 

,03589 

,03589 

,03664 

,0362b 

,02664 

,01910 

.02536 

.01854 

-.00254 

XPH/M 

PT/StC2*I*^ 

.16655 

.13510 

. 11631 

.11223 

.11291 

,12891 

•14625 

.16227 

,14496 

,11665 

.09506 

XOC/M 

FT/SEtl-I'- 

i,SA066 

1,22694 

,94701 

,70594 

,53876 

,39367 

,20511 

. -,Q06Lb 

,06093 

••06844 

•,59637 

X0S/A< 

PT/SEC2-IN 

-,00037 

-, 00025 

-, 00015 

-.00007 

-,00003 

■•00002 

-.00002 

••00003 

•.0U005 

•.00008 

,00003 

XDR/M 

PT/SfcC2-lN 

-,00021 

-,00013 

• • 00008 

-, 00005 

-.0P003 

•,00002 

-, 00004 

*,00007 

-,00006 

-,00012 

••00026 

XP/M 

PT/StC 

,09975 

,07629 

,03242 

00190 

,00625 

,00570 

,00410 

,00332 

,00476 

,00641 

,00960 

XQ/« 

FT/SEC 

2,26 4157 

2.54761 

2.59202 

2,52291 

2,4653/ 

1 2,39457 

2.35932 

2,38195 

2.53542 

2.71152 

3.05128 

XR/M 

FT/8EC 

••22649 

-.21772 

-.12040 

02995 

-.04176 

. -,03990 

-, 03665 

-.03979 

04027 

•,0515b 

••09066 

YU/M 

I/StC 

-,00115 

-,00170 

-,00036 

,00067 

,00013 

1 ,00000 

,00032 

,00066 

,00062 

,00101 

,00100 

YV/1 

1/SEC 

-,0914b 

-,14266 

-,14525 

-.11666 

-.07436 

! •,07822 

-.09235 

-,10972 

-,12806 

-.14611 

••17168 

Y«/H 

l/SfcC 

•002S8 

•00272 

,00301 

,00354 

•00412 

, ,00366 

,00326 

.00328 

,00374 

,00426 

,00419 

Y08/W 

FT/SEC2-IS 

••0281 1 

-.01042 

.01249 

,03487 

,05096 

! .04601 

,03248 

,01689 

,00117 

•,03947 

••07617 

YOC/H 

FT/SeC2-lw 

,05615 

.06576 

,06867 

,06762 

,06219 

1 .05731 

,05343 

,05514 

,07160 

,06126 

,08592 

Y0S/»- 

FT/SFC2-IN 

1.16105 

1,16691 

1,16274 

1,15112 

1,13461 

1 1,13154 

1,13474 

1,14425 

1,15263 

1.16939 

1,22750 

YDR/M 

FT/SLC2-IN 

-•066.52 

-.07451 

-.05266 

*.03522 

-.03515 

1 ■,04552 

•,05669 

«• 06022 

-,03415 

•.00552 

,02634 

YP/H 

FT/SEC 

-1,67033 

-1,41972 

•1,32917 

-1,40184 

-1,64092 

;-l. 79907 

-1,84855 

-1,60984 

•1,67724 

■1,46929 

•1,25200 

YQ/H 

FT/SEC 

.03860 

,02677 

,00 144 

-.02457 

-.03847 

1 ,02338 

,11371 

,20457 

,27705 

,43075 

,58791 

YR/H 

FT/StC 

-,1816b 

-,15751 

14595 

-.15189 

-.16026 

( -.19618 

1 -.19909 

19360 

-.18595 

-.16694 

-.15551 

ZU/M 

l/SEC 

.178H3 

,18208 

,02626 

-.11816 

-.09269 

. -,05637 

1 -,03356 

-.02250 

-.00324 

,03104 , 

,01630 

ZV/H 

i/SEC 

-.00605 

-,00104 

,00135 

,00206 

.00212 

; ,00290 

1 ,00319 

,00316 

,00384 

,00236 I 

.00316 

Zi^/M 

l/SEC 

-,43584 

-.34017 

. -.32741 

-.37819 

. -,47314 

. •,5660b 

1 -, 64615 

-,70814 

-,74979 

-.66603 1 

■•7Q649 

ZOB/M 

FT/SEC2-Itw 

-, 27161 

-,09622 

.02906 

,15524 

,32520 

. ,41697 

; ,42949 

,41258 

,33449 

.09294 , 

.26644 

Z0C/« 

FT/SEC2-1N 

-6,60511 

-H. 22802 

-6.13578 

-8,31674 

-8,75929 

.-9,53950 

hl0,42244 

*11,29391 

•-1 1.90365 

-10.72300 

f 10.69579 

Z03/H 

FT/SEC2-IN 

,00234 

.00162 

,00125 

.00073 

.00040 

,00026 

1 ,00046 

.00113 

,00139 

,00217 1 

,00589 

Z0R/>* 

FT/SEC2-1N 

,00030 

-.OPPO 1 

-.00009 

-,00002 

,00008 

. -,00007 

1 -,00013 

-,00048 

-,00055 

00022 , 

-.00099 

ZP/M 

FT/SEC 

-,45639 

3 1 84 5 

17622 

• ,09404 

-.12415 

. -.05339 

1 ••04668 

-.01357 

.02017 

,03741 , 

.06475 

ZQ/H 

FT/StC 

1,61696 

.57144 

,46157 

.38001 

-.70053 

. -.91256 

1 -.66449 

-.33834 

-.23694 

.79755 , 

,34640 

ZR/M 

FT/StC 

1,11591 

1,13901 

,31169 

-,44359 

-,20434 

, -,14576 

, -,22661 

-,36483 

-.45551 

-.52236 ! 

-.64057 

LU/IXX 

l/SEC-FT 

-.00044 

-.00058 

00037 

-.00012 

-.00013 

-,0<i0 16 

, -.00008 

,n00P3 

-,00008 

,00006 , 

,00017 

LV/IXX 

l/StC-FT 

-.00606 

•• 00631 

-, 00635 

00619 

00590 

• -, 00587 

i -,00605 

-.00640 

-.00693 

-.00778 : 

-.00910 

LH/IXX 

l/SEC-FT 

,00063 

,00049 

,00047 

,00067 

.00117 

[ ,00138 

1 ,00145 

,00150 

,00168 

.00209 

.00209 

LOB/IXX 

1/SEC2-If^ 

-.03616 ! 

1 -.03337 1 

: -,02638 

1 -.01676 

-.P0612 

, -,00216 

1 -,001«7 

-.00361 ; 

1 00718 1 

-.02148 . 

-.03553 

LDC/IXX 

1/SXC2-IN 

, -.QQIBl ; 

-.01187 1 

-,01446 I 

1 -,01526 

-.01393 

, •,01211 

-.01169 

1 -.Oil 71 , 

' -.00803 1 

-.00369 i 

-.00535 

L08/IXX 

1/SEC.2-IN ! 

.“1730 

[ ,41632 ! 

1 .41643 

1 ,41279 

,40859 

i .40821 

) ,40946 

1 ,41201 ; 

1 ,41313 

,41629 . 

,42983 

LDR/IXX 

1/SEC2-1N 

-.14745 

: -,14505 i 

-.139119 1 

-,13336 

-.13157 

, -, 1 3388 

1 -.13711 

-,13898 

, -.13326 

-.12778 i 

-.12591 

LP/tXX 

1/SfC 

74626 1 

, -,b«4i9 1 

-.65429 I 

-, 66455 

-,72095 

-.75755 

: -,76621 

, 75041 

; -, 70501 

-.63821 , 

56471 

LQ/IXX 

;1/SFC 

,12968 , 

, .12586 ! 

, .10871 j 

,07991 

.04113 

. .02570 

1 .02439 

.02997 

,04291 

.08984 . 

•12142 

LR/IXX 

i/sec 

05736 

-.05023 

-,04641 

-,04845 

-, 05564 

-,06016 

1 -.06082 

-.05672 

-.05499 

-.04675 : 

-,03801 

mU/IYY 

1/S£C-FT 

,00172 

,00498 

.00623 

.00468 , 

-.00043 

. -.00344 

, -.00367 

-.00333 

-.00251 

-.00113 i 

-.00149 

MV/IYY 

1/StC-FT 

,00143 

.00121 

,00006 

-,00088 , 

-.00063 

-.00019 

,00027 

,0Pfl75 , 

.00131 

,00160 j 

.00226 

H*(/IVY 

l/SfcC-FT 

-.01196 

00447 

.00203 

,00836 

,01534 

j ,01635 

; ,01623 

.01641 1 

.01647 

,01715 1 

.01560 

MOR/rvY 

1 /5EC?-I»« 

,36076 

,34340 

,33695 

.34191 

,35878 

1 ,39006 

.41676 

,43986 ; 

,45786 

,39121 t 

,40560 

‘AOC/IYY 

1 /SEC2-IN 

-,03650 

,01067 

,02009 

,03169 ! 

,08621 

,14061 

,16471 

,17736 1 

.19353 

,18049 

.14633 

MOS/IYY 

1/SEC2?!'' 

-.OODOO 

• , 0 c 0 on 

. -.00000 

-,00000 1 

-.00000 

••00002 

-,00001 

-, 00002 j 

-.00002 

-,00004 I 

-,00007 

MOR/IYY 

1/SEC2-IN 

-.00047 

-.00037 

-.00026 

-,00015 

-.00007 

•,00006 

-.0001 1 

-.00022 

-.00029 

-.00040 1 

00107 

HP/IYY 

i/stc 

,06038 

,06421 

.00106 

-, 05462 ! 

-,02849 

•,01296 

•,00879 

-.00409 

,00392 

.00992 1 

.01915 

•AQ/lYY 

l/SEC 

-1,54982 

•1,31840 

•1.24166 

•1,31713 ! 

-1,54103 

•1 ,66128 

-1,72433 

•1,76309 1 

-1,80237 

.1,56573 ; 

■ 1 ,55061 

MH/IYY 

l/SLC 

•,02640 

-,0073S 

-,00268 

-.00624 j 

-,01073 

••00915 

-,00751 

-.00622 

00467 

,00033 

,00176 

NU/XZZ 

l/SEC-FT 

,00007 

,00033 

.00050 

,00050 ; 

,00028 

.00026 

,00025 

,00023 

,00019 

.00010 

,00002 

HV/JZZ 

l/SEC-FT 

-,00150 

-, 00271 

-,00070 

.00135 1 

,00030 

•,00004 

•.00026 

-,00044 

00064 

-.00078 1 

-.00079 

*in/izz 

l/SEC-FT 

.00049 

,00025 

,00026 

.00028 

,00010 

•,00012 

••00023 

-,00032 

-,00059 

00137 , 

-.00217 

NOB/IZZ 

1/SEC2-IN 

.04154 

• 04649 

.05075 

,04629 I 

,04107 

J ,03554 

{ ,03245 

,03208 

,03506 

.04106 j 

,05191 

f^DC/IZZ 

1/SEC2-IN 

-.00494 

-.00194 

,00096 

,0038b 

,00673 

I ,00929 

1 ,01003 

,01225 

,01297 

,00467 1 

-.00455 

ND3/IZZ 

1/SEC2.-IN 

,00711 

,00791 

,00924 

,01026 

,01012 

I ,00944 

; .00875 

,00862 

.01034 

.01226 J 

.01478 

NOR/IZZ 

l/SEC2-l‘i 

,20390 

.20502 

,20446 

.20260 

,19972 

[ ,19909 

,19956 

.20119 

.20268 

,20604 

.21643 

NP/IZZ 

l/SEC 

,01552 

.01341 

,00164 

-.01072 

-,01560 

j -,01901 

• .02199 

02739 

-,04104 

-,05623 

-.08419 

MQ/IZZ 

l/SEC 

-.13552 

-.16553 

-. 17600 

••16680 

-.13782 

•,11156 

-.09560 

08867 

07761 

*,07774 

•,08692 

“^R/IZZ 

l/SEC 

-.04057 

-,04199 

04263 

-,04239 

-,04116 1 

1 •,04068 

• . 04096 

-.04221 

-.04540 

05098 

■,06163 

OB 

IN 

.33228 

.12223 

-.27921 

-.68653 

-.92224 , 

1 64928 

-, 27053 

.08356 

,34366 

,51056 

,62420 

OC 

IN 

4,14641 

4,61716 

4,74966 

4,55100 

4,02622 1 

1 3,74929 

3,72269 

3,91265 

4,28691 

4,93444 

6,05306 

DS 

TN 

,20208 

.2332? 

.24611 

.24111 

.21861 

,19658 

,17837 

,16544 

,17253 

,19840 

,24219 

OR 

IN 

. 03700 

.05063 

,06567 

,07748 

,08141 

> .,00240 

-. 1 0942 

-.22212 

-,3371b 

•.47632 

-,70471 

THEN 

0E6, 

8,96607 

7,81254 

6,61169 

5.43867 

4 , 36941 

1 3,13931 

1,65473 

,07423 

-.21157 

-1,03887 

•4,24451 

PHIN 

DEC, 

-.38226 

-.45397 

-,46161 

-, 45975 

-,39300 

-.34153 

, -.33547 

35475 

-, 40420 1 

-,48392 

•,56368 


* OEWlvtO BY FITTI^^i ^ THl»n 0«D£H CU»vt tmrj,)(3h -qo, •So, +go ANp ♦yo VALUES, 
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APPENDIX E 


TABLE E2.- Continued 


(e) Z = 0 ft/min 


Param- 

eter 

Unit 





Value of parameter at 

X, knots, of 





-40 

-20 

*0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/H 

i/a£c 

-.049S0 

-.09999 

•,02114 

-.00259 

-.01164 

-,02096 

• , 02592 

*.02981 

. -.03632 

■ .04267 

-.04737 

xv/»i 

i/atc 

•00032 

-.00075 

••00005 

-.00096 

-.00004 

.00014 

,00024 

,00021 

.00013 

«, 00020 

00267 

Xrt/M 

1/SL£. 

• (15470 

.03811 

,03259 

.03412 

.03070 

.03764 

,03122 

.02203 

,03014 

,02613 

,00375 

XOB/m 

PT/8tC2-I^ 

.17130 

.13262 

,11909 

.10849 

.10866 

.12688 

.14817 

.16303 

.14612 

,13460 

,10794 

XOC/M .. 

PI/.S£iL2-l5J_.. 

UJtiL31 . 

L. 21170 

.93867 

.69883 

,5457.5 

_ .42640- 

. .26174- 

,07262 

. .16002 

.. ,09204 

-.41209 

XD8/t< 

FI/aEC2-lN 

-.00017 

-.00007 

-.00000 

.00009 

.00004 

,00003 

,00002 

.00000 

.00000 

r.00002 

-.00002 

XpR/M 

PT/8EC2-IN 

. -.00012 

-.00006 

-,00001 

.00002 

.00003 

.00004 

,00002 

,00001 

.00000 

-.00003 

-.00016 

xp/i 

fT/atc 

.11867 

.05290 

.02051 

,00704 

.00120 

.00380 

,00515 

,00506 

,00446 

.00555 

. .00747 

XO/M 

PT/StC 

2.17267 

2,51958 

2.58521 

2.51853 

2.44055 

2,35790 

2,30568 

2,31099 

2.45022 

2.50151 

2, 91199 

XR/M 

FT/3tC 

-.17177 

-.12937 

-.10552 

-.09582 

-.07509 

-.04676 

*.03130 

-.02810 

*,02961 

-.01792 

*,06707 

YIL/H 

1/5EX . -- .. 

. -.Q0H33 

-.00199 

-.00019 

,00095 

L -.00006 

-.001117 

.00026 

,00a63 

,00074 

,00100 

. ,00098 

YV/H 

l/8tC 

-.OBU80 

-.13255 

-.13712 

-.11155 

-.06893 

-.07404 

-.00099 

-.10671 

-.12526 

-.14524 

-.16013 

Y-/M 

1/SEC 

.00282 

,00230 

.00265 

.00339 

,00410 

.00330 

,00267 

.00260 

.00300 

,0047b 

,00409 

YOB/M 

FT/SEC2-1N 

-.oaiii 

-.01829 

.01175 

.04076 

.06073 

,05105 

,03470 

,01739 

,00369 

-.02095 

-.06197 

YOC/M 

F7/StC2*I'^ 

.0U978 

.05992 

.06353 

,06166 

,05535 

,04854 

,04107 

.04208 

, 05709 

,00442 

,00941 

Yoa/H 

FT/5EC2-IM 

1.15225 

1 ,16217 

1.15902 

1,19599 

1,12623 

1,11989 

1.11695 

1,12371 

1 ,12706 

1,13824 

1,10927 

YOR/t* 

fT/S£C2?Iw 

^*Q.845<1 

-.07590 

-.05395 

-.03632 

-.03866 

-.05298 

-.06642 

-.07593 

-.05459 

-.03095 

*.00433 

YP/M 

FT/etC *-K9«643 

-1 ,60055 

•1 ,993«3 

-1.57519 

-1.85351 

•2.03591 

-2,00734 

-2,03928 

-1,08849 

-1,65634 

-1,42095 

YQ/H 

FT/SEC 

,0850« 

.05199 

.0091 9 

-.09279 

-.07332 

,00391 

.10630 

.20236 

.27032 

,40930 

,55101 

YR/H 

FT/StC 

-.20393 

-.17260 

-.16950 

-.17614 

-.20480 

-.22199 

-.22455 

-.21743 

-.20654 

-,18446 

-.16326 

ZU/« 

1/5EC 

.19109 

.19817 

.02984 

-.14099 

11142 

06631 

-.03744 

-.02203 

*, 00337 

,03061 

,02053 

ZY/m 

l/SEC 

-.00399 

,00100 

,00379 

,00524 

,00592 

,00487 

,00425 

,00381 

,00437 

,00302 

,00355 

Zii/.l 

1/8EC . 

-,ilQiL79 

-.30703 

t.29557 

-.34085 

-.44510 

-.551 10, 

*.63488 

*.69967 

-„74553- 

*.Ji&2bl 

-.70309 

ZOB/H 

FT/SEC2-I^< 

-.31253 

-.10291 

,03031 

,16269 

,36980 

.46734 

,47107 

.49616 

.40960 

.06504 

,25609 

ZDC/M 

FT/S£C2-1^ 

-8.^*3195 

•8,12808 

-8,06188 

-8.21477 

-8,56870 

-9,35989 

1-10.20788 

-.00032 

.11,19359 

-11,89379 

-11.22671 

■11,36623 

ZD3/M 

FT/StC2-lN 

.00107 

.00051 

-.00002 

-.00090 

-.00050 

-.00044 

-.00016 

-.00007 

,00054 

,00333 

ZOM/M 

FT/8tC?-I^ 

,00027 

.00019 

,00011 

.00012 

.00019 

,00008 

,00034 

,00000 

,00000 

,06008 

-.00063 

ZP/M 

FT/SEC 

-.619^1 

I 9999 

.09190 

,18709 

. ,31148 

,21481 

.12453 

.06661 

.06962 

.03030 

,06456 

Zfl/« 

FT/SEC - . 

2.15197. 

,69196 

*935Qr 

.21295 

•1.14324 

-1.17918 

-.87636 

-.52618 

-.41613 

,78476 

,19533 

ZB/M 

FT/stC 

,81188 

,97219 

,36222 

.39539 

.48508 

,29515 

,08312 

-.09338 

-.10809 

-.28671 

-.55311 

LU/IXX 

1/8EC-FT 

-.00090 

-.00059 

00028 

.00004 

-.00014 

-.00024 

-,00014 

-.00002 

-. 00016 

,00004 

^00009 

LV/IXX 

1/SEC-FT 

- , 00568 

00601 

-.00608 

-.00591 

00555 

-.00548 

-.00569 

-.00595 

00646 

-.00725 

-.00853 

L^/IXX 

1/StC-FT 

.90072 

,00050 

,00098 

,00077 

,00151 

,00166 

,00166 

,00167 

,00179 

,00241 

.00214 

LOfl/lXX 

t/SEC^-I'J 

-.03605 

-.03269 

-,02«lO 

-.01247 

,00000 

,00376 

.00369 , 

.00188 , 

-.00077 1 

-.01270 

: -.02629 

LDC/IXX 

1/SEC2-1M - 

.-,ao.E83 . 

1 -..01116 , 

-.01403 . 

-.01453 . 

-.01174 

-.00864 

, -.00804 1 

00007 I 

-.00520 

,00X25. , 

1 -.00075 

LD3/1KX 

1/SEC2-IN 

.91999 

1 ,91715 j 

1 .91552 

.41153 

1 ,40660 

! .40554 ; 

,40590 1 

.40740 j 

,40742 

.40935 , 

,42129 

l:3R/ixx 

1/SEC2-IN 

-.19601 

; -.19975 

. -.13896 

-.13309 

. -.13156 

. -, 13452 , 

, -.13834 

-. 14076 

-.13570 , 

-.13009 

: -.12961 

LP/IXX 

l/SEC 

-.79828 

1 -, 72706 

: -.69995 

! -.70062 

. -.77476 

-.81835 , 

, -.82066 

-.01192 

-.76384 I 

-.69295 

, -.61744 

LQ/IXX 

l/SEC 

.12629 

. .12183 

, .10020 

,06596 

,01569 

.10117 : 

; .00203 , 

.OO80B 

,0221 1 

.06761 

.09796 

LR/IXX 

1/SPC 

-.06«26 

-.05530 

, -.05220 

, -.05466 

, -.06291 

-.06732 

, 06015 

-.06596 

; -.06182 

-.05353 

, -.04109 

HJ/IJfY 

1/SJEC-F! .. 

. ..001X1 

, .00727 

1 .00925 

1 .00679 

. -.00104 

. ^00420 , 

, -.00405 

-.00551 

1 -.00280 . 

-.00009 

, -.00147 

Mv/IYV 

l/StC-FT 

.00108 

,00059 

1 .00017 

-.00006 

. -.01020 

. -.00006 , 

,00027 

.0U067 

; ,001 12 1 

.00135 

1 ,00193 

MW/IYY 

l/StC-FT 

-.01965 

-.00562 , 

1 ,00239 

, .00992 

.01778 

.01764 , 

.01664 

.01666 

1 ,01629 

.01950 

: ,01556 

hob/ivy 

1/8FC2-IN 

,1S758 

I ,33689 

1 .32921 

.33528 

,35584 

.391 13 

,91070 

,49101 

.46426 

,41714 

,41639 1 

MOC/IYY 

1/SEC2-IN 

-.09062 

,02013 

1 ,01905 

1 ,02107 

! .09114 

1 ,15286 

, 1 7320 

, 10202 

1 ,18825 

.21272 

1 ,16717 

Moa/IYY 

l/SEC2*ZN 

-.09000 

,0QDQQ. , 

1 -.OOQQQ . 

1 .onoQo 

, .00002 

.OQQOO , 

1 .00001 

,00000 

1 ,00000 , 

-.00001 

t -.00004 1 

MOR/I YV 

1/SEC2-IN 

-.0002U 

-.00012 , 

1 -,00000 , 

,00009 

,00011 

.00011 i 

1 ,00009 

.00003 

,00001 i 

-.00009 

' -.00061 ; 

MP/IYY 

l/SEC 

,07710 

,05658 

1 ,09267 

.03610 

,03792 

. ,02270 

j .01306 

,00006 

,01083 

,00945 

1 ,01450 

MO/IYY 

l/SEC 

•1.57909 

-1,31503 

j-1 ,22925 

-1,31598 

1-1.56947 

,-l .60103 

! -1.73681 

■ 1 .76906 

-1,80477 

-1,57954 

; -1 .54494 

•IR/IYY 

1/SEX 

■...6 3206 

-.01050 

00933 . 

.,00294 

1 .00397 

I ,00267 , 

1 .00052 . 

-.00041 

.00022 

,00241 

-.00032 

NU/IZZ 

1/SEC-FT 

-.00002 

.00023 , 

.00090 

,00092 

j ,00025 

! ,00030 , 

i ,00030 

,00027 

.00022 , 

.00014 

{ .00005 

HV/IZZ 

l/SEC.FT 

-.00199 

-.00259 1 

1 -.00062 I 

,00132 

1 .00026 

-.00009 ! 

1 -.00033 . 

-.00051 

-, 00072 1 

-.00007 

I -.00009 

NW/IZZ 

l/StC*FT 

,00069 

1 .00026 

.00022 

,00021 

1 -.00012 

j 00036 

: -.00042 

-,00043 

., 0005 a 

-.00107 

1 -.00177 

•JDB/IZZ 

1/3EC2-1N 

.03539 

.09375 

1 ,09655 , 

.04371 

1 ,03516 

.02811 

1 .02400 

,02294 

,02548 

,03197 

i .04195 

NDC/IZZ 

1/SEC2-IN 

-.00971 

-.00218 , 

,00072 , 

,00394 

,00543 

,00552 

, 00677 

,00919 

.01102 , 

,00778 

1 ,00120 

Noa/izz 

1/SEX2*IN ! 

. ,00716 

,00762 

.00914 

,01014 

.00983 

.00087 

,00709 

.00746 

.00003 

.01042 

( .0E252 

NOR/IZZ 

l/StC2*:^ 

.20238 ; 

,20919 

,20382 

,20170 

. 19822 

.19699 

,19669 

,19746 

.19823 

,20039 

,20952 

NP/I2Z 

l/SEC 1 

.00790 

.00866 , 

.00000 

-.00921 

-.01442 

-.01663 

-,*01772 

02065 

-.03098 

04472 

-,06399 

NQ/IZZ 

l/SEC 1 

-.10825 

-.19697 1 

-,16052 

«. 14872 

-,11142 

07923 

■ , 06077 

-.05316 

-,04400 

-,04746 

-.05912 

NR/IZZ 

l/SEC 

-.03929 , 

-,09088 

-,09172 

-.04195 

-.03979 

-.03912 

*.03690 

-.03947 

-,04173 

-.04508 

-.05523 

OB 

IN 

.60199 

,28176 

-.29250 

-.87058 

-1,20173 

-.83457 

-.39900 

-.02471 

,23855 

,40035 

.60263 

DC 

IfJ j 

. 3.A9823 

9.26139 : 

U. 92437 , 

4,19346 

3,57491 

3.23^21 

3,17052 

A*33578 

3,69700 

4,32420 

5.39970 

DS 

IN 

.17213 1 

.20691 1 

,22287 1 

,21948 

,19622 

,17057 

.15037 

. 1 3696 

,14548 

,17245 

,21111 

OR 

IN 

09673 , 

,00269 

,06336 

. 11834 

.15071 

,05761 

■ • 05 1 68 

-.15797 

25691 

37746 

-.57441 

THEN 

DEC, 

S.S3219 

7,76600 

6,61333 

5,48094 

4,47560 

3.30464 

1,87456 

,35227 

,09997 

-.60214 

-3.75750 

PHlN 

DEG, j 

-.32757 

-.91868 ^ 

-.95153 

-.42196 

-,32665 

-.27858 

-.27258 

-.29476 

-.35037 

43790 

54619 

• DERIVE 

:d by FITTI'Jl 

■i A THIRD C 

)»DER CURVE 

: Through - 

•90, -20, • 

♦20 AND ♦4( 

) values. 
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APPENDIX E 


TABLE E2.- Continued 
(f) Z = 500 ft/min 


paraTT.- 

1 





Value of parameter at 

X, knots, of 




eter 

Unit 

-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/M 

i/s^ 

-,flS099 

-.04422 

-.01857 

.00129 

*,00932 ! 

*.01924 

*,02498 

*,02891 

*,03565 

*.04192 

*,04656 

XV/M 

k/3EC 

*,00027 

-.00056 

-.00127 

-.00143 

*.00016 

,0 8023 

.00044 

,00058 

,00078 

.00080 

*.00107 

X-</H 

k/SEC_ 

,Qil79Z 

.03263 

,02894 

,03219 

,03832 

,01901 

,03377 

,02653 

,03475 

,03293 

,00993 

XOB/H 

FT/8EC2-1N 

,U93E 

,12940 

.10910 

,10490 

,10423 

,124.96 

.14820 

,UiS47 

,14802 

,13403 

; .11707 

XDCyj^ 

FT/SECZ-IN - 

\.U\\b9 

,l.£D43I _ 

.... ,91110 

_.,6921S__ 

^55038 

,113862.. 


,25368. 

,27151 

.22823 

i *,£6231 

XDS/M 

FT/3£Ca-IN 

-,0.0 0 04 

*00007 

•Q0Q12 

.. ,00013 

,00009 . 

,A0007 

.00006 

.00004 

.00006 

,00006 

1 -,00002 

XOR/H 

FT/SECa-lN 

-,00002 

,00003 

,00007 

,00008 

,00007 

. ,00007 

,00007 

,0000b 

.00006 

,00005 

J *,00006 

XP/M 

FT/SEC 


-,05257 

-.02869 

.01602 

,08280 

. ,00430 

.00462 

,00503 

,00330 

,00301 

• .00545 

xg/M 

FT/9EC 

£,07584 

2, 46181 

2,57072 

2.52136 

2,43256 

1 2,32194 

2.25393 

.2,24212 

2.36795 

2.52346 

[ 2,77769 

XR/H 

FT/5EC 

-,04653 

.04776 

-.06620 

-,17655 

-,10961 

. -,05009 

-,02531 

-.01798 

-.02101 

*.02707 

1 -.04715 

YJ/»i 

iZSEC. 

.-,0015 67 

?.D0151 . 

-.,00001 

. ,QQ1£2 

. *.,0110,42 

1 *,anoi9. 

,00820 

. ,00063 

,00075 

.00094 

1 ^03>Q9B 

YV/M 

a/atc 

-,07926 

-.12523 

-.13179 

-,10831 

*•06418 

! -.07043 

-.08619 

-.10425 

-.12300 

-, 14209 

1 *,16521 

Y^/H 

l/SEC 

,0 0121 

.00221 

,00244 

.00341 

.00463 

; ,00301 

,00206 

,00189 

,00246 

.00376 

I .00403 

YDB/H 

FT/SECi-IN . 

-,05637 

02766 

.01113 

.04643 

. ,07265 

! ,05759 

,03573 

,01569 

,00277 

*,02535 

= ..05656 

YOC/M 

FT/SEILa-lN 

,D423U 

.05345 

.05696 

.05507 

.04999 

i ,04051 

,03009 

,02839 

,04191 

.07003 

1 .07837 

YDS/>^ 

FT/SECa-IN 

1,14476 

1.15921 

1,15717 

1,14249 

I.U9Q2 

, 1,10903 

1,10375 

1,10365 

1,10199 

1.1077S 

i 1,15200 

YDH/M 

FT/iECi-lA. . 

■,QSPT6 

-.07663 . 

-,05506 . 

*,03710 

04178 . 

i *,.116831 

*,07993. 

- *.,.0917 0 

•.0Z309 

*.05639 . 

, —03508 

YP/M 

Ft/seq 

•2,09665 

•1,76946 

-1,64496 

-1.73729 

-2,06058 

-2,27166 

-2,32475 

*2,26714 

*2,09734 

*1 .64230 

*1,58527 

YQ/M 

FT/SEC 

.14256 

,09166 

.00500 

-.06617 

-,11863 

1 *,01679 

1 ,10350 

.20777 

,27293 

,38324 

,52647 

YR/M 

FT/3EC 

*,22708 

-.19767 

-,18117 

-.19694 

-.2251 7 

t *,24628 

! *,24924 

*.24060 

-.22649 

-.20142 

, -.17316 

ZU/H 

t/aEC 

,20766 

.21206 

,02097 

*,16248 

*,13514 

, ..07765 

*,04175 

*,02333 

-.00153 

,02796 

, .02465 

ZV/M 

l/SEC 

,00055 

,00570 

,00975 

,01176 

,01077 

1 .00650 

,00487 

,00415 

.00468 

,00487 

I ,00389 

Zytyw 

k/S£C 

.*,371104 

-.27064 

.*,25982 

-,3154b 

, -,41545.. 

. -,531L48 

; j,A2395 _ 

*^69153 

*,73887 

^.70234 

J .,69941 

ZDB/M 

FT/5ECa-lN , 

-,36464 

-.10331 

,03148 

1 .16602 

, ,42663 

. ,52490 

i .51619 

.48161 

.46006 

,19775 

i .27312 

ZDC/H 

lFI/SECa-1^ J 

L-e. 22786 

H6,06621 

-6,05096 

1-8,15329 

-8,34437 

;*9, 15801 . 

^10,14101 1 

'11,08494 1 

!>1 1, 87723 

Wll, 33166 411,34629 

ZD5/M 

fT/SECa-lN 1 

1 ,00026 

-.00050 

-.00110 

: -.00136 

-.00113 

, -.00102 

, *,00102 

-.00062 

*.00099 

*,00096 

1 ,00131 

ZDR/w 

FT/SECa-IN 1 

1 -,00000 

: -.00001 

,00005 ; 

I ,00016 

,00037 

,00034 

; ,00011 

,00025 1 

,00049 

.00029 

, -,00026 

ZP/H 

FT /SEC 

■ -,1046B 

i .300R9 

.35600 

, .31697 

1 ,42854 

,26485 

! ,rai56 

,13976 ! 

,12267 

.11484 

. ,04752 

za/H 

FT/SEtL 1 

l.2,5155L _ 

U .,93621 

i ,.4 0 0 10 , 

i -.09012 

-1,53162 

,*1.44892 

I -.1,06937. 

-,71426 i 

-,59444 

*,09167 

. -.04404 

ZR/M 

FT/SEC 

i .08295 

^ -.45957 

.43277 

1 1.42350 

1,17616 

.61518 

, ,30646 

,10581 : 

,02065 

-.09494 

! *.41384 

LU/IXX 1 

1/SEC-PT 

I -.00035 

1 -.00063 , 

1 -.00014. ! 

1 ,00027 

-,00022 

, -.00035 

1 *,00021 

-.00008 ' 

-.00022 

-, 00010 

, ,00002 

UV/IXX 

1/SEC-P7 ^ 

1 -.00532 , 

1 -.00574 

-.00583 ! 

1 -.00563 

-,00521 

-.00511 

i -.00524 : 

-.00553 

1 -.00602 

-.00675 

1 -.00795 

L«/IXX 

1/8EC-FT . 

,Q0Q«5 

' .00055 ; 

.00052 j 

, .00096 

,00199 

: ,00199 

1 ,00189 

.00186 

. .00194 ; 

.00227 

.00223 

LD8/IXX 

l/SfcC2-IN 

, -.03670 ; 

1 -.03274 : 

-.02213 : 

, -.00798 

,00659 

, ,00969 

,0089u 

.00681 

.00462 

-.00576 

. -.01912 

.U3C/1XX . 

l/SLCarJA. . I 

L-. 00595 

1 -.010.71 , 

-.01419 , 

1 .-,01434 

. -,0 0916 

. *,04452 

, -.00398 

L *,00408 

-.00217 : 

,00422 

; ,00104 

UDS/IXX 

[i/sEca-1^ 

i ,41301 , 

1 .41645 , 

.41509 

1 ,41067 

t ,40469 

! ,40307 

i .40246 

,40291 

1 ,40184 

,40259 

. .41301 

LOR/IXX 

,wsEca-iN 

-.14476 ; 

; -.14475 1 

-. 13905 

-.13291 

1 -,13156 

, -.13521 

1 -.13963 

, -.14261 

-,13821 

13408 ! 

1 -.13342 

UP/IXX 

!1/Stc 

, -.94669 1 

1 -.76640 

1 -.73128 ! 

-,74844 

, -,82699 

-, 87890 

: -.09052 

. *, 87240 

-.82127 

74634 

, -.66012 

LQ/IXX 

l/SEC 

,12564 

.12011 , 

,09244 1 

,04674 

. -.01260 

-.02389 1 

, -.01939 

-.01031 

.00393 

,04144 ; 

! ,07613 

UR/IXX 

1/8EC 

-.07106 

-.06008 , 

05704 

-.060 1 4 

- , 06756 

-.07381 

, -.07507 

-.07261 

-.06821 

-.05982 ! 

: -t04e36 

»1U/IYY .. 

I/SLCtFJ- 

.. .JJ0138. 

.01045 1 

.01356 

.J0965 , 

,.-,00232 

. -.005L8 J 

^ -.ooy.5»o 

-.00371 


i 00147 . 

; -.00144 

HV/IYY 

1/5EC-FT 

,00(575 

-.00033 

,00027 

, 00047 

; ,00018 

.-,00002 

,00022 

,00056 

,00094 

.00126 

,00162 

►1W/IVY 

1/5EC-FT 

-,nt8n2 

-.00731 

.00285 

.01226 1 

1 .02073 

j .01900 

,01746 

.01690 1 

,01626 

,01688 

.01520 

MOB/IYY 

l/StC2-IN 

,35557 

,32931 

,31956 

,32750 , 

1 ,35422 

1 ,39346 

.42140 

,44418 ; 

,46643 

,42962 

.41757 

HOC/IYY 

l/SECa-Iw 

-.04758 

,03615 

,01764 

,00333 ! 

1 ,09965 

1 • ,16803 

,18301 

,18725 : 

.18323 

.19501 

.14646 

IDS/IYY 

l/SECa-IN 

s.OQQOO 

. .00001 . 

. ,0iioao . 

*.,00000 { 

,00001 

, .00001 

•Q0D02 

,00001 1 

.00002 

,00001 

*.00001 

MDR/IYY 

i/sEca-iN 

*,00005 

,00009 

.00021 

.00027 

,00025 

1 ,00022 

,00020 

,00018 

,00023 

,00020 1 

*.00024 

MP/lYY 

l/SEC 

,02254 

-,05053 

,01003 

,08761 1 

,06559 • 

1 ,03469 

,02152 

,01685 

,0171b 

,01719 

.01064 

HQ/IYY 

l/SEC 

-1,61906 

-1,33744 

-1,24855 

-1.34224 1 

•1,60835 

!*1, 70716 

*1,75196 

-1,, 77/76 

-1,60805 

*1,64924 

*1,53966 

naztYY. 

1/&EC. 

. *,.QQtt6L 

,00643 

. ,01044. 

,01388 , 

, ,02728 

; ,01.524 

,00831 

,00505 

,00514 

,0-0362 

-,00010 

»4U/I2Z 

l/SEC*FT 

*,00009 

,00008 

.00023 

,00031 

,00026 

( ,00039 

,00037 

,00032 

,00025 

,00017 

,00006 

MV/IZZ 

1/SEC-FT 

-.00135 

-.00242 

-.00055 

.00131 

,00022 

1 -.00014 

*,00039 

-.00058 

-.00080 

*,00095 1 

-,00098 

MW/IZZ 

l/S£X*FT 

.00090 

.00030 

,00018 

,00010 

*,00044 

i -.00067 

*,00066 

*,00059 

-,00064 

*, 00092 

-,00143 

Noa/izz . 

l/SEC^-IN 

,02946 

,01949 

,04294 

,03966 

,02951 

,02063 

.01546 

.01373 

,01592 

.02211 ( 

.03190 

NDC/IZZ 

l/SECa-IN 

-.00413 

-.00256 

,00052 

,00324 

.00373 

.00181 

,00256 

.00513 

,00796 

.00697 1 

,00311 

NM/1Z2 

L/SEL2-U1 __ 

.. ,0O721L_ 

.-,00772 

. .,00906 . 

_ ,0l0 0ii_ . 

,tL0957_ 

. ,80832 

. ^00703 

,00629 

,00733 

.jioasi-u 

,01027 

•JDRylZZ 

l/SECa-lN 

,20109 

,20366 

.20349 

,20108 

,19693 

,19502 

,19393 

.19381 

,19366 

,19464 

.20276 

SP/IZZ 

l/SEC 

,00013 

.00403 

*,00148 

*,00977 

*,01420 

-.01495 

-.01432 

*,01522 

-.02239 

*,03273 

-.04933 

!^Q/I2Z 

l/SEC 

-.06048 

-.12984 

*,14708 

-,13206 

*, 08467 

*,04605 

•.02534 

..01740 

-.01048 

-.01590 

-.03250 

>JR/IZZ 

l/SEC 

-,03642 

-.03976 

-.04076 

*,04086 

.,03938 

.,03829 

*,03747 

-.03736 

-.03863 

*,04175 

*,04924 

OB 

IN 

.93825 

,49772 

-.30900 

-1,11263 

-1.54392 

*1,03322 

-,53026 

-.13131 

,13616 

.29273 

,54406 

DC 

IN 

_3,26S64 

3,93462 _ 

4.13213 

3,86476 

3,13908. 

.2,T2Z16 . 

2,62209 

£,76382 . 

3,11511 

3,7£822- 

4,76465 

OS 

IN 

♦ 14411 

.1&257 

.20220 

,20095 

,17677 

.14572 

,12292 

,10862 

,11921 

.14805 

.18321 

OR 

IN 

-,14161 

-.05503 

.06189 

, 17000 

,23013 

,11646 

,00037 

*.10234 

-.18760 

*,29157 

*,46088 

THEN 

DEG. 

6,70754 

7,72648 

6.61754 

5,52108 

4,57749 

3,46245 

2,08101 

.60973 

,37973 

*.36946 

-3,32911 

PHIN 1 

DEG, 

.-,27250 

-.38399 

*,42272 

- . 38580 

«. 27039 

-,21527 

*.20927 

-.23465 

*.29692 

*.39304 

-.50983 

1 . 1 . . 1 

« DERIVED BY FITTING 

\ THIRD Qi 

^DER CURVE 

THROUGH • 

40. -20, - 

20 AND *40 

VALUES, 
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APPENDIX E 


TABLE E2.- Continued 
(g) Z = 1000 ft/min 


Param- 






Value of pai 

ameter at 

X, knots, of 





eter 


-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

XU/M 

1/SEE 

-,0S3<J0 

-.09306 

01529 

.00513 

-.00690 

-.01807 

-,0291 1 

•.02813 

-. 03516 

-, 04138 

-.09634 

XV/M 

l/SEC 

-,0U109 

-.00196 

-.00252 

-.00265 

-.00028 

,00026 

,00062 

,00079 

,00127 

,00179 

.00049 

X^/H 

|l/8fcC 

.0(i060 

,02667 

.02953 

,02996 

.03840 

.09039 

.03631 

.03021 

,03931 

,03962 

.01391 


FT/StC^-I*' 

.ISHTB 

,12961 

.10282 

.10199 

.09999 

.12317 

,19834 

.16717 

, 15087 

. 13354 

,11376 


^T/StCZ-lN. 

1.1^522 

1.21065 

,99739 

.66735 

.55279 

.99066 

,37530 

,£J49S 

.37365 

.36756 

-.19197 

XOS/M 

FT/SLCa-IK 

,00007 

,00016 

.00022 

.00019 

.00012 

,00008 

,00007 

.00006 

.0001 1 

,00019 

.00001 

XOR/K 

f T/5EC2-Ik. 

.00003 

.noon 

,00019 

.00013 

.00009 

,00008 

,00009 

,00009 

.0001 1 

,00010 

.00002 

XP/H 

T/SEC 

-,O0(l<i6 

-.1 7662 

-.10085 

.00329 

-.00396 

,00152 

,00265 

,00399 

.00129 

,00126 

.00469 

XQ/M 

FT/SEC 

1.96flSb 

2,37667 

2,59172 

2,53575 

2.91961 

2.28695 

2,20302 

2,17502 

2,28822 

2,49636 

2,69915 

XR/M 

FT/SEC 

,07299 

,17898 

02965 

-.23969 

-.13796 

-,09796 

-.0180 1 

-.00870 

-.01362 

-.01998 

-.03290 

Y'J/M 

l/SEC 

f .00022 

-.00193 

,00017 

.01)169 

-.00112 

-.00068 

. 00016 

.00067 

.00000 

,00086 

.00093 

vy/H 

l/SEC 

-.07969 

-.12079 

-.12961 

-.10736 

-.06003 

-,06739 

-.08394 

-.10232 

-,12126 

-,14111 

-.16289 

YW/M 

|l/3tC 

,0092b 

,00236 

,00258 

,0U398 

,00560 

,00281 

,00192 

,00114 

.00181 

,00267 

,00332 

YOH/M 

(FT/SEC2-IN 

-,079Ub 

-.03999 

.01076 

,05881 

,06736 

.06322 

,03621 

,01163 

-.00171 

-.02523 

-.06078 

YOC/M 

FT/SEC2-I^ 

.03679 

,0«505 

,09668 

,09629 

,09727 

,03390 

,01793 

,01381 

,02662 

,05926 

,06498 

Y03/M 

kT/StC2-lN 

1.13639 

1 ,16853 

1 ,16769 

1 , 1 9093 

1.11281 

1 ,09603 

1,06696 

1 , 08391 

1.07727 

1.07763 

1 . U566 

VDR/K 

.M/SECa-I-- 

-.06126 

-.07637 

-.06626 

-.03750 

-.09963 

-.06752 

-,09192 

•,10760 

-.09662 

-,08186 

-.06680 

VP/1 

,FT/SEC 

-2.29359 

-1.92078 

-1 .77881 

-1,88679 

-2,26360 

-2,50898 

-2.56179 

-2,9S26B 

-2,30235 

-2,02220 

-1,74808 1 

YQ/1 

IFT/SEC 

.21969 

. 12312 

,00260 

-.10979 

-.17733 

-,03710 

.10567 

,22106 

,26690 

,37644 

,62676 

YR/M 

|FT/3tC 

-.2b«ftt 

-.20536 

-.19279 

-.20763 

-.29092 

-.26958 

-.27339 

•.26330 

-.29603 

-.21723 

-.18518 

ZU/M 

i/stc 

.23039 

,22100 

,01607 

-.10058 

1 6506 

-.09016 

-,09638 

-.02396 

,00024 

.02606 

,03004 

ZV/M 

i/sec 

.00623 

,01503 

.02266 

.02917 

.01560 

,00702 

,00a7 7 

,n09«5 

. 00473 

.0051 1 

.00446 

Zl/M 

l/SEC 

-.33298 

-.22669 

-.21663 

-.27u59 

-.30999 

-.51897 

-,61360 

-.68379 

-.73257 

-,71766 

-.67921 

ZOB/M 

FT/SEC2-P 

-.93318 

-.09623 

.03261 

.16229 

,50157 

.59022 

.56993 

.61907 

,49070 

.31436 

.38649 

ZDC/1 

FT/SEC2-1N 

-7.97698 

-6,07299 

•6,16139 

-6,16516 

-8,06660 

-6.93235 

-9,98202 

-10,96791 

1-1 1.82412 

-11.51790 611.12967 

ZDS/M 

FT/SEC2-I^ 

-.00092 

-.00129 

-.00192 

-,00208 

-.00150 

-.00105 

-.00116 

-.00133 

-.00181 

-.00204 

-.00064 

ZOR/H 

FT/SEC2-1N 

-.00002 

-.000 12 

,00001 

,0^025 

,00050 

,Q'i028 

.00019 

.00040 

.00050 

,00066 

.00003 

ZP/H 

FT/sec 

,96737 

1.05116 

,89583 

.59969 

,56102 

.30291 

,16521 

.12929 

.11316 

,10189 

,09425 

za/1 

FT/SEC 

2.86509 

1,38099 

,39261 

-.62739 

•1.90760 

-1.70956 

-1,30297 

-.90297 

-.77260 

-.64466 

-.45004 

ZR/1 

FT/SFC 

-.62915 

-1.65715 

.28666 

2.37699 

1 . 78699 

.78808 

.91237 

.22539 

, 17024 

, 06010 

-.19607 

LU/IXX 

1/SEC-FT 

ann?Q 

-.00^73 

.00007 

, Oi'f'bS 

-.00099 

-.00081 

- , n no 30 

-.00019 

-,00020 

-.00021 

-.00000 

LV/IXX 

l/SEC-f T 

-.00997 

-.00599 

-.00569 

-.00535 

-,00909 

-.00976 

-. 00487 

-,00519 

-.00661 

00652 

-,00743 

L'W/IXX 

t/SEC-FT 

.00105 

,00059 

,00063 

,00129 

,00267 

.00237 

.00215 

.O0?n7 

,0021 1 

.00219 

,00215 

LOB/IXX 

l/SEr2-]M 

-.03822 

! -.03380 ■ 

; -.02055 , 

-.00312 , 

.01386 

. .01567 ; 

,0J3«8 ^ 

.01117 

j ,0090fl 

.00020 

-.01416 

L3C/IXX 

,1/S£C2-I^' 

-,006'>2 : 

1 01078 1 

01566 J 

, -.01536 i 

1 -.00555 

, .00030 , 

.00060 , 

1 ,np02D , 

[ ,00169 

,00779 

.00269 

LOS/IXX 

1/SEC2-IN ' 

! ,91133 , 

! .91629 ; 

.91526 1 

.91029 ; 

,90392 

1 .90075 , 

,39917 

.39061 

,39636 

.39597 

.40493 

LOR/IXX 

1/SEC2-IN 1 

1 -.19569 , 

; -.19510 ! 

-.13991 1 

, -.13269 , 

1 -.13160 

. -.13595 1 

-,Iu096 

-.19951 

-.19077 

-,13733 

-.13731 

LP/IXX 

1/SEC 

-.89327 1 

1 -.80303 1 

-.76913 ' 

-.78610 , 

, -.87850 

-.93966 ; 

-.95215 

-.93209 , 

-.07753 

-.79776 

-.71720 

Ll/ixx 

1/StC 

,12859 ; 

; ,12229 , 

,0«9fel 

,02537 , 

, -.09669 

-.09961 j 

-.03969 

-.02756 ' 

-.01156 

,02317 

,06630 

LR/IXX 

l/SEC 1 

! -.07809 

-.06975 

-.06009 ^ 

-.06255 

-,07090 

-,07989 

-.08179 

-.07937 , 

i -.07426 

-.06632 

-.05374 

hu/iyy 

I/SEC-ft ; 

.ooou 1 

1 ,01987 , 

.01969 , 

,01399 

-.00969 

, -.00639 , 

- ,00999 

-.00393 , 

-.00299 

-.00197 

-.00169 

Mtf/iYV 

1/SEC-M 

, 0 009U 

-.00151 1 

.00093 , 

.00239 

.00093 

-. 000 1 3 

,00009 1 

! ,00043 

, 00077 

,00106 

,00133 

1-f/IYY 

1/SEC-FT 

-.02203 

-,0''9H7 

,00565 j 

.01585 

,029u7 

.02091 . 

,01808 

1 .01719; 

1 .01620 , 

,01472 

.01290 

jir)H/i YV 

l/SEC^-I^ 1 

.356S3 

.31988 

.30666 

.31771 

, 35975 

.39728 

,92995 

,44704 ' 

,97062 , 

,940#j1 

,40616 

10C/IYY 

1 /SFC2-IN 

-.06979 

,0h359 ' 

.01569 

-.02651 

,11991 

. 1 8675 

.J9ai5 1 

,19307 

,18144 

, 1 9609 

,12114 

H08/IYV 

1/SEC2-IN 1 

-.OOOQO 

, ,00001 , 

.00000 , 

-.OOflOl 

.00000 

.00003 . 

,00002 

,00002 , 

, 00002 j 

.00002 

,00000 

HDR/IYY 

1/SEC2-IN ! 

.ooooa 

,00025 : 

,00030 , 

.00092 

.00032 

,00025 ^ 

,00029 

,00026 , 

, ,00036 , 

,00092 

.00009 

MP/IYY 

1/3EC 

-.09916 

-.12569 , 

01632 1 

,10903 ' 

,07592 

,03703 . 

,02190 

,01687 1 

1 .01639 : 

.01496 

,01473 

1Q/T YY 

1/StC 

•1,66595 

•1,39956 ! 

-1,32091 

-1 .91 191 

• t ,66966 

•1,73690 

-1 ,76969 

-1,78707 , 

-1,01219 

-1,67767 

-1 ,48883 

[rtR/I YY 

1/StC 

.02160 

. .09525 

.06129 

,06679 , 

,05999 

,02995 ) 

,01313 

,00922 , 

, ,00950 1 

,00799 

.00146 

,NU/IZZ 

1/SEC-FT 

• , 0 0 0 1 1 

-.0001 5 

-.00006 

,00019 1 

,00036 

.00059 , 

,00098 

,00039 

, 00031 1 

.00022 

.00010 

MV/IZZ 

1/StC-FT 1 

00128 

-,00239 , 

-.00050 

,00132 1 

1 .00019 

-.00018 

-, 00099 

•,00065 

1 -.00087 

-.001 03 

-.00107 

yw/izz 

1/StC^FT 

,00131 

.00038 

,0001 3 

00007 1 

1 -.00087 , 

-.00106 > 

■ • 00096 

-,00081 

00076 

-.00084 

-.00123 

NOU/IZZ 

l/St‘C2-I>i 

,02371 

,03581 

,090 10 

,03627 1 

,02900 1 

,01298 , 

.00676 

,00993 

i ,00637 

,01239 

.02149 

NDC/IZZ 

1/SEC2-IN 

-.00299 

-.00336 

,00037 

.00362 

,00190 j 

-.00302 . 

-.00270 

,00001 

,00374 

.00566 

.00310 

NDS/IZZ 

1/SEC2-1N 

,00725 

.00760 

.00899 

.01002 

,00939 , 

,00777 . 

,00618 

,00613 

,00582 

,00669 

.00603 

NDR/IZZ 

1/SEC2^1n 

, 1 9998 

,20399 

.20356 

,20080 

.19581 1 

,19317 

,19124 

,19022 

,18916 

,10937 

.19612 

NP/IZZ 

l/SEC 

-.00973 

,00199 

-,00305 

-.01072 

-.01906 

-.01351 

-.01 136 

-.01046 

: -.01481 

-, 02209 

-.03946 

^Q/IZZ 

l/SEC 

-.05180 

-,11390 

-.13990 

", 1 1621 

-.06726 

-.01175 

,01086 

,01872 

, 02308 

.01922 

00523 

f^R/IZZ 

l/SEC 

-.03893 

-,03937 

«, 09051 

-.091 1 9 

-.09002 

-,03707 

-.03633 

-.03567 

-.03653 

-.03850 

-.04910 

08 

IN 

1.39957 

,79908 

-.33296 

•1,96003 

-1.95561 

-1,29106 

-.66019 

-.23546 

.03692 

, 10227 

.40953 

DC 

IN 

2.89952 

3.69363 

3,88318 

3,57273 

2,71768 

2.21973 

2,07662 

2,19636 

2,54039 

3,19279 

9.19997 

OS 

IN 

.11776 

,16030 

,18986 

.18696 

.16020 

.12170 

,09555 

,08059 

,09300 

,12394 

.15602 

DR 

IN 

-.29915 

-.12808 

,06225 

,23999 

.32129 

.17357 

.04623 

-.05576 

12977 

-.21899 

-.36969 

THEN 

OEG, 

8,59095 

7,69638 

6.62971 

5.56735 

9,67569 

3,61291 

2,27393 

,89679 

.62843 

-, 10420 

-2.95613 

PHIM 

DEG. 

-.21729 

-.36113 

-.39798 

-.35299 

-.21933 

-.16199 

-.19576 

-.17474 

-.24932 

-.35026 

47574 

n OERIVLD BY MTUnG A THIRD OROEM C'JRvt 

Through - 

90, -20, *20 AND +90 

VALUES, 
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APPENDIX E 


TABLE E2.- Continued 


(h) Z = 1500 ft/min 








Value of parameter at 

X, knots, of 




eter 

Unit 

-40 

-20 

♦0 

20 

40 

60 

80 

100 

120 

140 

160 

X-J/M 

i/stc 

-,067<il 

-.04060 

-.00922 

,00887 

-.00417 

-.01753 

-.02172 

-.02554 

-.03268 

•.03883 

-.04612 

XV/H 

1/SEC 

-,00111 

-.00372 

-.00533 

-.00455 

-.00001 

.00024 

.00038 

.00065 

,00124 

.00224 

.00205 

XW/H 

1/StC 

,07101 

,01663 

,01033 

,02725 

,05050 

,04639 

.04404 

,03834 

,05071 

,05888 

,01974 


FT/StC2-lAi 

,31431 

,1)811 

,08045 

,09019 

,06819 

,11574 

, 13523 

,15794 

.14176 

.14821 

.12242 

XOC/H 

FT/SLC2-1M 

1,02115 

1,23941 

1,03287 

.68503 

.47938 

.51759 

.35622 

,22679 

,39962 

,46001 

*.00359 

XDS/*' 

F T/SEC2-I»“ 

.OOftOfc 

*00029 

.00033 

,00025 

.00010 

.00006 

,00005 

.00006 

.00014 

.00024 

.00007 

XOR/M 

PT/5EC2-I^< 

.0001 u 

, noo 1 4 

,00018 

.00017 

.00005 

.00006 

,00005 

.00009 

,00013 

,00019 

.00010 

XP/'^ 

FT/SEC 

-.15317 

-.25770 

-.15902 

-.01909 

.00015 

-.00206 

r, 00342 

-.00126 

«, 00299 

-,00216 

,00286 

X-J/H 

FT/SEC 

2.77757 

2,23421 

2,36042 

2,56756 

2,14702 

2.15680 

2.13918 

2,15204 

2,25501 

2,28450 

2,57169 

XR/M 

FT/SEC 

,19750 

,32039 

.01265 

-.29025 

-,14265 

-.02961 

-.01190 

00454 

• ,01371 

-, 01828 

-.02050 

yU/M 

J/SLC 

.00156 

-.00314 

.00012 

.00315 

-,00224 

-,00068 

.00014 

,00076 

,00092 

,QOioa 

.00102 

YV/M 

1/SEC 

-.07062 

-.11938 

-.13165 

-.10946 

-.05484 

-,06448 

. ,08221 

-.10085 

-.11989 

-.13964 

-,16110 

Y-(/M 

1/StC 

,00262 

,00314 

.00469 

,00556 

,00283 

,00157 

,00101 

,00029 

.00100 

,00327 

.00338 

YOP/H 

FT/SEC2-IN 

-, 1049b 

-.05463 

.01246 

.07305 

.10383 

,05985 

,03108 

.00480 

-.01019 

.,02517 

-.06241 

YOC/^* 

FT/SEC2-I^ 

.05840 

,03126 

,02036 

,03136 

,06996 

,02396 

,00330 

-,0024b 

,00983 

,04853 

,05760 

YOS/>- 

FT/8tC2-TN 

1.15235 

1,16017 

1.16192 

1,14186 

1,10425 

1,08610 

1,07374 

1,06370 

1.05052 

1.04437 

1,07986 

YOR/M 

FT/SECa-l^* 

r, 07958 

-.06086 

-.05742 

-.03744 

-.04912 

-.07742 

-. 10347 

-,12379 

11795 

-.11064 

-.09638 

YP/m 

FT/SFC 

-2.48777 

p2. 04972 

-1,67631 

•2,01316 

-2,50597 

-2,77681 

-2,80331 

-2,72393 

-2,52316 

•2.22275 

•1.90222 

ya/M 

FT/StC 

.21930 

.19143 

-.00879 

-.18564 

1 4420 

-.01293 

,11223 

.24348 

,31001 

,37618 

.52246 

YR/'i 

FT/StC 

-,20939 

-,2278b 

-.19906 

-.20777 

-.25876 

-.29743 

29775 

-.28632 

-.26705 

«, 23358 

-.19674 

ZU/H 

l/SfcC 

.32011 

,22260 

-,00fi71 

-.19492 

-.20513 

-.06104 

-.04012 

-.02467 

,00209 

.02666 

,03457 

ZV/M 

1/SCC 

,(J04V8 

,03223 

,05001 

,04b7l 

,01072 

,00389 

,00324 

,00333 

.00440 

,00504 

,00467 


1/SLC 

-,.51971 

-.17691 

-.07840 

-.22149 

«, 6034 7 

64712 

-.68914 

67617 

72710 

-.74050 

67573 

ZDH/M 

FT/StC2-l« 

-1,17810 

-.07824 

,05732 

,14079 

1,11638 

,81090 

.717/0 

,55971 

.52580 

,25436 

,40244 

ZOC/M 

FT/SFC2-IN 

-6.10251 

-8,19191 

-8,96407 

-8.29531 

-6,06191 

-0,26064 

-9,51710 

.10.03679 

1-1 1,70306 

•11,86640 til, 03521 

ZD8/M 

FT/SEC2-IN 

-.00041 

-.00202 

-.00298 

• , 00280 

-,O01 01 

• , 00 P65 

-.ortoes 

-.00128 

-.00212 

-.00322 

00170 

ZOR/H 

FT/SECe-I-^ 

-.00050 

-,00006 

,00005 

,00029 

,00109 

. 0 U 0 1 9 

,00040 

,00021 

,00030 

.00025 

,00049 

ZP/»^ 

FT/StC 

,05054 

1,56017 

1.44284 

,92736 

,44249 

,26000 

.10979 

,13146 

.10701 

,09060 

,09142 


FT/SEC 

-2.06573 

2.156B9 

,50006 

-1.53202 

2,76487 

.87460 

,20595 

-1.09001 

-1,00005 

-.12005 

-,59918 

2R/H 

FT/SEC 

-1,28744 

-2,64746 

,22757 

3,17935 

2,04955 

,61904 

,36781 

.25436 

.26251 

.13899 

-,01918 

LJ/IXX 

l/SEC-FT 

-.09010 

-.00100 

,00034 

,0012b 

-.00086 

-.00053 

-.00034 

-.00019 

00034 

-.00026 

-,00014 

LV/IXX 

1/SEC-FT 

-.09464 

-.00525 

-.00532 

., 00503 

-.00456 

-.00436 

-.00450 

-.00468 

-.00506 

-.00571 

-,00695 

L»</IXX 

l/SEC-FT 1 

,00099 

,00076 

' .00153 , 

1 ,00195 1 

,04179 

,00200 

,00213 

• ,00229 

.00231 

,00264 

,00229 

Loa/ixx 

1/3EC2-IM 

-.041 J2 

-.03626 

-.01966 , 

i ,00234 

,02361 

.02049 

,01850 

,01503 

,01283 

,00689 

-,00920 

LDC/IXX 

1/SEC2-I- 

-,00141 

-.01215 

i -.02236 , 

1 -.01902 1 

,01080 . 

.00797 ; 

,00627 

, ,00485 I 

,00637 

,01318 

,00676 

LOS/IXX 

l/SEC2-l^ ! 

,40473 

.41685 

: .41639 

1 .41053 1 

1 .40142 1 

,39790 ) 

,39577 

, ,39400 1 

,39043 

.38856 

,39704 

LOR/IXX 

l/SfcC2-I^ 

-,1«261 

-.14543 1 

1 -.14015 i 

, -.13292 , 

-.13185 , 

-.13710 , 

14239 

-.14647 

-.14357 

14104 

-,14124 

LP/lXX 

l/SEC 

-.95486 , 

1 -.83488 1 

1 -.78825 1 

: -.81747 , 

-.94006 

-1,00054 ; 

-1,01475 

-.94269 1 

-.93696 

-.85413 

-,76306 

LQ/IXX 

l/SEC 

.12561 

.13200 

,07050 ; 

, 00570 , 

-.04341 

-, 05550 i 

-.05265 

-.04320 1 

-, 02504 

.0041 1 

,05431 

LR/IXY 

J/SEC 

-.08579 

I -.06989 

-.06083 1 

; -.06155 

-.07505 

-.08777 , 

-.08864 

-.00397 [ 

00055 

-.07098 

-,05851 

HU/IYY 

1/StC-FT 

-.00719 

1 ,02083 

,02871 

I .01833 , 

, -.00843 , 

-.00597 . 

00468 

-.00416 , 

-.00309 

-.00163 

-,00162 

HV/TYY 

l/SEC-FT 

,00068 

- , 0 u 3 2 ? 

,00074 

1 ,00447 

- , 0 T 0 1 0 , 

-,00045 

-,00013 

,00027 

,00059 

,00080 

,00113 

M-I/IYY 

l/SEC-FT 

-.00821 

-.01391 

,00497 

,02lii i 

,00831 : 

.01045 i 

.01233 

,01738 

,0\bU6 

.01050 

.01262 

HOO/IYY 

1/SFC2-IN 

, ,41184 

,30747 

.27322 

,30462 , 

,39801 i 

,41458 ; 

,43608 

,45048 

.47363 

.47536 

,40732 

HOC/IYY 

1/SEC2-IN 

-.20797 

, 1 0948 

,01182 

-.07582 ! 

,27172 I 

,24353 , 

,22754 

,19940 

,18292 

,21377 

, 10994 

IDS/1 YY 

1/SEC2-IN 

1 -.00002 

, ,00002 

-.OODQl 

. -.00003 1 

,00004 

,00003 ! 

,00002 

,00002 

.00003 

,00005 

,00002 

MOR/IYY 

t/S£C2-lN 

1 ,00019 

,00037 

,00051 

,00053 1 

,00034 , 

,00019 t 

,00019 

,00025 

,00043 

,00062 

,00035 

'IP/lYY 

l/SEC 

-.07911 

-.16680 

-.01533 

.14070 i 

,06665 i 

.02884 1 

,01873 

,01548 j 

,01339 

,01278 4 

,01407 1 

HQ/IYY 

i/stc 

-1,28579 

-1.52095 

-1,61079 

-1.54462 . 

•1,31252 

-1,55120 1 

-1,66254 

-1,79803 . 

-1.81249 

-1,76339 

-1 ,48440 

MH/lYY 

i/stc 

,05843 

.07924 

,10989 

,11885 i 

,07457 

,01<JU i 

.01204 

.01071 ; 

,01299 

.00921 

,00473 

NU/UZ 

l/SEC-FT 

.00024 

-.0 0048 

-.00053 

-.00009 

,00066 

,00062 

,00054 

,00049 ; 

,00038 ] 

,00029 

,00015 

HV/I2Z 

l/SEC-FT 

-.00124 

-.00231 

00045 

,0013b i 

,00015 , 

-.00023 ! 

-.00049 

«, 00072 

-, 00095 

-.00112 

-.00115 

•^W/IZZ 

l/SEC-FT 

.00094 

,00054 

.00003 

-.00033 

00029 , 

-.00053 ; 

-, 00067 

-,00104 

-, 00095 

-.00072 

00097 

•^DS/IZZ 

1/SEC2-1S 

,01497 

,03286 

,03945 

,03373 I 

,01468 j 

,00283 , 

-.00314 

-.00530 

00409 

.00230 

,01200 

NDC/IZZ 

1/SEC2-IN 

,00583 

-.00499 

,00063 

.00468 , 

-.01083 

01299 [ 

-.01136 

-.00639 

-.0021 1 

,00304 

.00296 

NDS/IZZ 

1/SEC2»1N 

,00730 

.00746 

,00895 

.01003 

.00897 1 

,00704 ; 

,00529 

,00393 

,00418 

,00459 

,00580 

NOR/IZZ 

1/SEC2-IN 

.19893 

,20378 

.20429 

,20095 

,19427 ; 

,19086 

.18848 

,18654 

.10428 

,18326 

,18961 

NP/IZZ 

l/SEC 

-,0092b 

-,00028 

-.00406 

-.01155 

-.01370 ; 

-.01204 

-.00884 

-,00651 

-.00795 

-.01178 

-.02161 

MQ/IZZ 

l/SEC 

-.04361 

-.09659 

-,l 1613 

-.10038 

04748 I 

,00892 

,03580 

,05641 

,05930 

.04513 

,01809 

NR/IZZ 

1/8EC 

-.04104 

-.04006 

-.04133 

-.04247 

-.04118 ! 

-,03648 

-.03487 

-.03404 

03449 

-.03539 

-.03996 

DB 


1.81166 

1,23447 

-.39910 

•1.93606 

-2,22340 j 

-1,26945 

-.75931 

-.33934 

-.06769 

,06762 

.26479 

DC 

IN 

a.43480 

3.40077 

3.71157 

3,32942 

2,21657 t 

1.65432 

1,51994 

1,61478 

1,92097 

2,49518 

3,54068 

OS 


,09198 

. 1 4028 

. 17386 

,17744 

,13572 

.08715 

,06608 

,05070 

,06401 

,09695 

,13090 

OR 

IN 

36565 

-.22569 

,07128 

,33731 

.38448 

, 192b3 

,08000 

-.01772 

-.08035 

-.15413 

-.28725 

THEM 

DEG, 

8,47551 

7,68041 

6,63529 

5,58960 

4,78880 

3,76925 

2,46475 

1 ,15994 

1,07865 

,41977 

-2,64048 

PHIN 

OEG, 

-, 16059 

-.32271 

-, 38098 

-.32605 

14862 

-.08178 

-.08156 

-.11354 

-.18845 

-.30363 

-.44497 


* 0t«lVt0 tJY fitting a THno CiiRvt TMi^OUC^^ -oo, -zo, +20 and VALUES, 
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APPENDIX E 


TABLE E2.- Concluded 


(i) Z = 2000 ft/min 


Param- 

eter 

I _XV/H 
XW/M 

XDB/H, 

jiac/iL 

XDH/H 

.xpyH. 

5fV/»l 

Yrt/M 

YQH/M 

YM/M 

YOa/H 

YJ5B/M 

YP/M 

YQ/M 

YR/m 

2U/M 

ZV/1 

Z±/’^ 

ZDR/M 

ZDC/M 

Z03/H 

Z0R/»^ 

ZP/M 

za/« 

ZR/M 

L'J/IXX 

LV/IXX 

L-i/IXX 

Loa/ixx 
1 .uDtyixx 
L03/IXX 
LOR/IXX 
LP/IXX 
LO/IXX 
LR/IXX 

I JIU/IYY 

MV/I YX 

h«/iyy 

MOR/I YV 

MOC/1 YY 

MDS/IYY 

HDP/I YY 

RP/I YY 

RQ/IYY 

HR/IYY 

RU/IZZ 

RV/IZZ 

Nrt/lZZ 

WDH/IZZ 

NDC/IZZ 

ND3/IZZ 

NOR/JZZ 

NP/IZZ 

NO/IZZ 

NR/IZZ 

08 

J3C 

03 

OR 

THtN 

PHIN 


Unit 

^40 

-20 

[ 1/aii. “ „ 

.. *,06263 

r -.03715." 

[ L/atc. 

*,001Li6 

_ 00813 

; i/atC- .. 

.07661 

,00783-. 

FT/4ii:2-tN. 

_ ,26925 

•10B94 

rtya£C2-i!L 

,99597 

_1, 16066 . 

. e.T/AEC2-lN_ 

.00005 

. ,00046. 

FT/SEC2-IN 

,06607 

.06017 . 

Fi/atc 

-,06699- 

-,38121 . 

FTyaEC 

2,66929 . 

. 2.01U5 

FT/atC 

.10693 

•46870 

175 LE 

.116121- 

_ -.,06581 

lyafc. . _ 

. -,05914 

. -.12163 

. lyatd . _ 

,00112- 

,00516 

FTySEL2-lN_ 

JP.-OA6BQ 

-.07426 

FTya£C2-LN_ 

.64402. 

,00185 

FT/8EC2-IN 

1,11133 

- 1,16572 

.fT./a£C2-lfL 

-.06617 

-,J 86.41 

FT/atC 

-2.85417 

-2.14288 

FT/StC 

,18656 

.31771 

FT/aec 

-.32607 

-.26477 

1/SEC 

,30299 

.21867 

1/3EC 

,00090 

.06327 

i/&EX , 

^-,56518- 

; .-,10912. 

FT/SLC2-IN 

-.93664 

-.04927 


Value of parameter at X, knots, of 


FT/SECZ-IN 

fT/aEC2-lN. 

M/3EC2-1N 

FT/$tC 

Fj/aec * . 

H/3EC 

1/3EC-FT 

1/5EC-FT 

1/SEC-FT 

1/5EC2-IN 

1/5EC2-1N 

l/3fcC2-lN 

l/5tC 

l/SfC 

1 /src 

.1/SfC-f I 

1/SfC-FT 

1/SEC-f 7 

1/SEC2-IN 

l/StC?-lN 

1/SEC2-1N 

l/SEC2-I»i 

1/StC 

1/StC 

1 /atc 

l/seC»FT 

1/SEC-FT 

l/SfcC*FT 

l/StC2-l« 

1/5EC2-1N 

1/3E1:2*11 y . 

l/3£C2i»lN 

l/3tC 

1/SfcC 

l/3tC 

IN 

IN 

IN 

IN 

OEU. 

OEG. 


•fe^275l6 
00013 
-.Oflnzi ; 

1 

-.00032 

00002 

.0O0P9 

-.Q297« 

. -^OQSLiS 
,«03«8 
-.13700 
•1 .025R7 
.09367 
-.09530 
-.00765 
,0009a 

-,005«7 

,3«n9a 
-.222J6 
-.00001 
.00011 
-.03520 
-l.32S«l 
.02571 
.00006 
-.00098 
,00063 
,00997 
,01378 
.00796 
.19537 
«. 02035 
*.00332 
••03942 
1.44763 
1 .63934 
.04364 
-.33562 
8.21 096 
-.06388 


-8.47221 

-.00275 

-.00004 

2.35551 

__i. 41505 

-3,59722 

-.00161 

-.00497 

.00L24 

-.04052 
-.I>l_b8fa 
.41840 
-. 14?44 
-.85822 
.15719 
-.07811 
.02819 
-.00599 

-.02043 

.29086 

.18325 

,00006. 

.00046 

*,23178 

-1,72901 
,15217 
-.00092 
*,00232 
.00083 
.03087 
-.00807 
.00728 
,2047.2 
00103 
-.07806 
*.04289 
1 .87496 
3.22173 
.12269 
-.36135 
7.68382 
-.30197 


♦0 

-JJQ44A. 

.-,000116 
_ .QJflD9 
l^QASHi. 
. ,00046.. 

,00023 
-,27977 
2.296.70 
.,05669 
^.,000.19. 
-.1404? 
,06932 
,01272 
-.01157 
1,17450 
-,05991 
-1.87861 
-,02542 
-.19242 
-.01843 
.10005 
- .02341 
.06102 
-9,21060 
-.00403 
.00012 
2.46723 
.167.L4 
,54099 
.00057 
-.00499 

.00250 
-.02015 
-.03137 
• 4 1 969 
-.14213 

-.78941 
.06028 
-, 05610 



.24719 

.02887 

-.00017 

*.00631 

.00277 

-.00329 

,01706 

.36808 

-.14588 

-.81362 

.03531 

,06304 


.0569J 

.02344 

-.04727 

•.00494 

-.00405 

-.00354 

.0027! 

-.00168 

-.00103 

,00131 

,00801 

-.00076 

-.00072 

oonio 

.(loots 

,00045 

.00074 

.00103 

,00593 

.02R87 

,00762 

,01007 

.01187 

.01 3391 

,0135t 

.01846 

,01656 

.2578« 

.2H787 

,57890 

.4075! 

,45216 

,455081 

,47838 

,47529 

.43120 

.01483 

-.15312 

,25569 

.22014 

.20975 

.20787 

. 1922^ 

,22199 

,16796 

*,00000 

*.00006, .00001 

.00000 

,00000 

,00002 

,00003 

.00006 

.00006 

.00067 

.00061 

,00016 

,00002 

.00004 

.00016^ 

.00042 

,00074 

,00060 

-.03066 

.18870 

.04683 

-.00245 

,00132 

.01223^ 

.01217 

.01119 

.01222 

1,88762 

*1.77125 

*1.34986 

• 1 ,55299 

•1.65381 

• 1, 714551 *1 

,7595A 

-1,75897 

•1.61366 

.23723 

.21576 

.02264 

-.00272 

,00033 

.00619| 

.01297 

.00928 

.00624 

00105 

-.00035 

.00075 

.00063 

,00057 

.00051 

.0004] 

.00036 

.00023 

-.00044 

,00143 

,00006 

-.00030 

••00058 

-.oooool « 

,0010] 

-.00121 

-.00124 

,00001 

-.00070 

-.00037 

>,00066 

*,00083 

-,0009o{ - 

.00087 

-.00086 

-.0U061 

.04041 

.03229 

,00522 

00649 

-.01306 

*,0161iN ■ 

,01501 

*,00869 

.00192 

00002 

.00714 

*.01742 

*,(11777 

01689 

-.014BH > 

.01032 

*,00237 

,00372 

.00890 

.01010 

,00820 

.00612 

,00410 

.002SlJ 

.0025C 

.00249, 

.00322 

,20646 

,20172 

,19160 

.18810 

,18487 

. 1823iJ 

,l792t 

.17716 

.10216 

-.00292 

-.01209 

-.01458 

-.00874 

-.00548 

*.0035H * 

,0026! 

00357 

-.00919 

-.10614 

-.08390 

-.00766 

.04696 

.07417 

.08543^ 

.0894^ 

,07960 

,03960 

-.04631 

-.04567 

*.03701 

-.03287 

*.03191 

-.0517^ 

,0325i 

*,03276 

-,03595 

-.43935 

-2.65135 

*1.91699 

-1.12726 

-.69531 

*.38332^ 

.1583* 

-.03787 

.10674 

3,72930 

3.15133 

1,47707 

,97896 

,66443 

.98477^ 1 

,29631 

1.05946 

. . 2,05456 

,17790 

.17592 

.08323 

,04185 

.02220 

,0130d 

,03201 

,06899 

,10050 

.07879 

,47927 

,33457 

.17204 

,07569 

*,oo2od ■ 

, 0479* 

-,10731 

-.22124 

6.67365 

5.61325 

4.93539 

3.95243 

2,61267 

1.5664J 1 

,5133! 

.89782 

*2.04072 

-.38678 

-.30882 

-.05863 

-.00681 

*.01180 

05078 • 

,13447 

-.25970 

-.41379 

through 

-40. -20, 

♦ 20 A*^0 Y40 VALUES. 
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